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KLECTRIC DRIVE OF THE CONVEYER IN THE COKE YARD. 
AN ELECTRICALLY-OPERATED GAS PLANT. 
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WHAT THE ELECTRIC DRIVE CAN DO IN GAS MAKING 


BY DR. ALFRED GRADENWITZ. 


Tuer extent to which electricity is utilized by some 
gas-works, which were formerly the keenest competi- 
tors of electric power stations, is exemplified by the 
municipal gas-works recently installed for the city of 
Gérlitz, Germany, where direct current at 220 volts 
tension is generated in a special power house and dis- 
tributed by a double conductor system. The installa- 
tion comprises an extensive inside and outside lighting 
plant, covering the whole of the gas-works, in addition 
to a number of electric drives. 

The electric power, station contains horizontal tan- 
dem steam engines with valve gear and injection con- 
denser, each of which yields a normal output of 125 
horse-power, with 130 R. P. M., a maximum permanent 
output of 160 horse-power and a maximum temporary 
output of 190 horse-power. The engines are direct- 
connected with a direct-current dynamo of 110 kilo- 
watts, the armature of which is carried on the extension 
of the crank shaft. 

The boiler plant comprises four double-well tubular 
boilers of 910 square feet heating surface each, the 
steam pressure being 170.64 pounds per square inch. 


ment, gas reservoir, and power house respectively. 

Electric motors have been used most extensively for 
the operation of the most varied auxiliary machines, 
to an aggregate yield of upward of 100 horse-power. 
The most important drives, for each of which a special 
electric motor has been provided, have the following 
capacities: The coke driving and: hauling plant close 
to the oven house, 18 horse-power; the coke chute in 
the oven house, 6 horse-power; the coke chute of the 
coke crushing and sorting plant, 17 horse-power; the 
coke-shaking sieve below the night reservoir, 2 horse- 
power; the coke chute above the night reservoir, 5 
horse-power; two coke elevators of 4 horse-power each; 
a high-pressure blower, 25 horse-power; a tar centri- 
fugal and an air pump in the ammonia room, of 5 
horse-power, etc. 

Those electric motors which, while protected on top 
by corrugated sheet roofs, are otherwise isolated, are 
of the entirely inclosed type, the starter and switch- 
boxes of each of them being located in a sheet metal 
cupboard, fitted with sliding doors. The motor driving 
the air pump in the ammonia room is likewise entirely 


hours each. The size of the drive was 5 feet by 7 feet, 
One white man and six Chinese were employed on each 
shift, and one round was drilled per shift, each roung 
gaining an average of 4.82 feet. The number of feet 
broken per case of gelatine consumed was 4.52 an 
11.06 pounds of gelatine were used per foot. Of the 6j 
rounds drilled, 59 had 14 holes each and two had » 
holes each. The nature of the ground driven throug) 
is not mentioned. 


THE WORLD'S LUMBER TRADE. 

Few people have the slightest conception just how 
important a part timber and unmanufactured wood 
play in the trade between the world’s great nations, 
and doubtless it is news to many to learn tha’ the 
lumber importations of the various countries anount 
to $285,600,000. This is according to estimates for the 
whole world compiled by Dr. Ernest Friedrich of the 
German commercial high school at Leipzig. 

Notwithstanding the fact that it finds its own sup 
ply dwindling, the United States furnishes about 


COKE CRUSHING, CONVEYING, AND SORTING PLANT IN FRONT OF THE RETORT HOUSE. 


A tower, installed beside the engine-house, serves to 
cool the condensing water, the cooling water being 
raised by a centrifugal pump, operated by a directly 
connected electric motor of 5 horse-power capacity. 

Outside of the boiler and engine rooms, the power 
house comprises an accessory hall accommodating the 
water cleaners and steam feed pumps, in addition to a 
common wardrobe and washing room for the staff. 
The engine room has been given amplc dimensions to 
accommodate a third steam-driven dynamo, while space 
for two additional boilers has been provided in the 
boiler room. 

The switches are arranged on a masonry pedestal on 
one of the short sides of the engine room, and are 
mounted on five panels. The space required for in- 
stalling any apparatus entailed by a future extension 
has been provided for. All fuses for upward of 40 
amperes are arranged behind the switchboard, where 
the shunt regulators of the dynamos, operated from 
the front by means of hand-wheels, will likewise be 
found. Connection between the dynamos and the 
switchboard is effected by iron-armored tables, laid 
out below the ceiling of the engine house cellar on a 
corrugated sheet base. 

The lighting plant comprises 125 incandescent lamps 
and 20 are lamps, the latter being arranged in five cir- 
cuits of four each as follows: 2 arc lamps of 10 amperes 
each both in the engine and boiler rooms; 4 arc lamps 
of 10 amperes each in the coke yard; 8 are lamps of 8 
amperes each in the oven house, and 1 arc lamp of 10 
amperes for the coal-dressing plant, railway embank- 


AN ELECTRICALLY-OPERATED GAS PLANT. 


inclosed, while that operating the tar-centrifugal is 
surrounded by a ventilated housing, sufficient air being 
supplied through tubes. 

Four main feeders branch off from the switchboard 
at the central station, two of which are intended for 
lighting and two for power supply. In additior to 
these, a number of smaller circuits have been provided, 
especially for the lighting of the power house and for 
some smaller motors, 

The capacities of the motors located in the neigh- 
borhood of the oven house, especially those intended for 
the coke crushing and sorting plant, as well as the 
lighting conductors supplying the oven house, have been 
designed as underground cables, and all the remaining 
conductors, in so far as they are situated outside the 
buildings, as overhead conductors. 

Most of the conductors traversing the buildings are 
located in pipes, rubber strands in steel-armored pipes 
being used in all rooms subject to the risk of ex- 
plosion, in accordance with the regulations of the 
Association of German Electricians. All the switches 
and fuses are arranged outside those rooms. The 
lamp filaments, which are fitted with porcelain arma- 
tures and inclosed globes, are screwed directly to the 
piping and the lamp pendulums through the inter- 
mediary of gas-tight ball joints. 

A remarkable perforniance in mining work is re- 
‘corded in the South African Mining Journal. At the 
Simmer Deep, a Rand property, two miners carried 
a drive 294 feet in sixty-one consecutive shifts of ten 


per cent of the lumber imported by other countries. 
Austria-Hungary furnishes 19 per cent, Russia 14 per 
cent, Canada 13 per cent, Sweden 18 per cent, Finland 
10 per cent, and Norway and Roumania a small quat- 
tity. 

The countries importing wood are those on the 
highest economical plane, which were themselves it 
earlier times densely wooded, but whose forests lave 
been denuded to a greater or less extent to make room 
for agriculture and other industries, says Vice-Consul 
James L. A. Burrell, of Magdeburg, in a report to 
this government. Only 4 per cent of the territory of 
Great Britain is covered with forests, and during the 
year 1906 that country imported lumber to the value 
of $135,561,750. Germany has still 26 per cent of its 
territory covered by forests, but imported in 1906 
lumber valued at $61,285,000. Belgium and the Neth 
erlands, that have but 8 per cent forest lands, Det 
mark that has 7 per cent, France and Switzerland, 
with a small percentage, are all compelled to import 
lumber. 

Besides these countries, those lands lying on the dry 
western side of the sub-tropical zone lacking forests 
are forced to import wood. Egypt imports wood and 
coal to the value of about $16,660,000 annually; Al 
geria, Tunis, Spain, Portugal (with only 3 per cent 
forest land), Italy, Greece (with 9 per cent forest 
land), the eastern part of Asia, British South Africa 
the western part of Chile and Peru, the Argentine Re 
public, and Australia, all poor in wood, are dependent 
upon import. 


Sept 


Ar the 
troleum ¢ 
installed 
from bore 
by Mr. E 
Vienna. 
signed fo 
does not 
elaborate 
the surfa 
Kryg oil 
plant for 
some hat 
the whole 
repairing 
which in 
would occ 

Briefly 
the lower 
borehole 
whereby | 
by the cal 
ed to the 
rollers, th 
tacle belo 
gether, ar 
with a co 
ried out u 
this syste 
the narro 
desigiied t 
apparatus 
risk of br 
to the rai: 
thick or fi 
other fore 
are liable 
versal. It 
minimum 
The ger 
ered from 
band trav 
sented by 
the oil de 
from the | 
L, then 1 
winding s! 
over the 1 
driven thr 
paratus fo 
tions had 
local requ 
is the san 
of the app: 
tan be pla 
The Kryg 
workshops 
intendence 
and was | 
upon 
dispatched 
diate oper: 
invention,’ 
The end 
lar to thos 
feet is mat 
031 inch 
Pounds. 7 
inches wic 
fers a g 
depths exc 
erable to 1 
At Kryg 
be ultimat 
frst tests, 
Prevailed 
by 9 inches 
vit could 1 
‘arpet sha 
and so wa 
With great 
Died in th 
Necessity ¢ 
the hand « 
Was attain: 
it well str 
it did not 
borehole, 
times it be 
As a rul 
fs the na 


| 
4 


7 feet, 
On each 
1 round 
of feet 
52. aml 
the 6] 
had 2 
through 


E. 

ist how 
d wood 
nations, 
hat the 
aniount 
for the 
1 of the 


wh sup 
bout 20 


aunt ries. 

per 
“inland 
1 


on the 
lves in 
s have 
e room 
Consul 
port to 
tory of 
ing the 
>» value 
of its 
n 1906 
» Neth 
3, Den 
erland, 
im port 


he dry 
forests 
od and 
Ab 
r cent 
forest 
Africa, 
ne Re 
endent 


SrerreMBER 26, 1908, 


SCIENTIFIC AMERICAN SUPPLEMENT No, 1708, 195 


EXTRACTING OIL FROM BOREHOLES. 


A DESCRIPTION OF THE LEINWEBER PROCESS. 


BY THE ENGLISH CORRESPONDENT OF THE SCIENTIFIC AMERICAN. 


Ar the Kryg oil field of the Galicia-Carpathian Pe- 
troleum Company in Austria there has recently been 
installed the first machine for the extraction of oil 
from boreholes founded upon the novel system evolved 
by Mr. Bruno Leinweber, a well-known engineer of 
Vienna. This system is simplicity itself, and is de- 
signe for operation on those fields where “spouting” 
does not take place, and to avoid the laying down of 
elaborate pumping installations to draw the liquid to 
the surface. Owing to the isolated situation of the 
Kryg oil field, the utilization of the ordinary types of 
plant for obtaining the oil in such circumstances is 
somewhat risky, since in the event of a breakdown 
the whole work would be brought to a stop until the 
repairing or renewal of the parts could be effected, 
which in view of the inaccessibility of the oil field, 
would occupy several days. 

Briefly described, the Leinweber system consists of 
the lowering of a band of suitable material into the 
borehole and the passing of it through the liquid, 
whereby a certain quantity either becomes absorbed 
by the cable or clings to it, by which means it is hoist- 
ed to the surface and squeezed out by passing between 
rollers, the extracted oil falling into a suitable recep- 
tacle below. By connecting the ends of this band to- 
gether, an endless cable is procured, which together 
with 2 continuous drive enables extracting to be car- 
ried out uninterruptedly. The principal advantages of 
this system are that the band can be lowered into 
the narrowest fissures, the width of the band being 
desigied to suit the conditions. The simplicity of the 
apparatus in both design and operation reduces the 
risk of breakdown to the minimum. Its applicability 
to the raising of any description of crude oil, whether 
thick or fluid, irrespective of the presence of sandy or 
other foreign substances which in a pumping plant 
are liable to cause clogging of the apparatus, is uni- 
versal. Its highly efficient yield is secured with the 
minimum of expense. 

The general design of the apparatus may be gath- 
ered from the accompanying diagram. The endless 
band traveling up and down the borehole is repre- 
sented by F, in the pit, the lower end passing through 
the oil deposit. The ascending cable after issuing 
from the borehole passes over the upper pulley leader 
L, then between the pressing rollers Q, round the 
winding sheave 7’, and thence into the borehole again 
over the lower pulley leader L, the mechanism being 
driven through the pulley A. In the case of:the ap- 
paratus for the Kryg oil field, a few minor modifica- 
tions had to be made in this design to coincide with 
local requirements, but fundamentally the principle 
is the same throughout. As will be seen, the whole 
of the apparatus is carried upon a timber frame, which 
tan be placed at any desired height above the ground. 
The Kryg apparatus was constructed in the railway 
workshops at Reichenberg, Bohemia, under the super- 
intendence of the railroad engineer Mr. Oskar Forster, 
and was sent to the oil field ready for instant use 
upon arrival. The fact that the mechanism can be 
dispatched to any inaccessible point ready for imme- 
diate operation constitutes a prominent feature of the 
invention, 

The endless band employed has flattened sides sim!- 
lar to those used on elevators, and up to depths of 1,640 
feet is manufactured of hemp, being 3 inches wide by 
131 inch thick, having a breaking strain of 9,240 
bounds. This band is covered with carpet shag 2.36 
inches wide by 0.078 inch thick, the pile of which 
fers a greater absorbing surface to the oil. For 
depths exceeding 1,650 feet a steel wire band is pref- 
frable to the hempen cable. 

At Kryg, however, a shorter length of band had to 
be ultimately used on the occasion of the inventor's 
frst tests, owing to the severe frosty weather which 
Drevailed at the time. The borehole is 2,000 feet deep, 
by 9 inches in diameter, but only the upper part of the 
bit could be used. Owing to the heavy snowfall, the 
‘arpet shag had become heavily clogged and frozen, 
and so was not very pliable, and had to be lowered 
With great care into the pit, an operation which occu- 
died in this instance ninety minutes. Owing to the 
Mcessity of operating the winding jack by means of 
the hand crank, a speed of only 8 inches per second 
vas attained. The weight of the band served to keep 
it well stretched downward, so that in traveling up 
it did not come into contact with the sides of the 
borehole. After the band had been revolved a few 
times it became softer and more flexible. 

As a rule, after passing through the mangling roll- 
S$ the nap of the carpet shag is carded out, but on 


this occasion the operation was dispensed with. 
Owing to the severity of the weather the oil, which 
contained a good percentage of paraffin, was of the 
consistence of fruit jelly, so that the absorbent effi- 
ciency of the rope was considerably reduced. Despite 
these disadvantages, however, it was found that the 
yield was about 4.86 ounces per foot, which is equiva- 
lent to 658 pounds per hour. In this case, moreover, 
the yield might have been much greater, because a 
large quantity of oil which can be removed only by 
passing the band between scrapers, is raised clinging 
to the edges of the band. This operation was omitted, 
so that a considerable quantity of oil returned again 
into the borehole. The frozen nature of the band, too, 
somewhat militated against the complete success of 
the test, since it was some time before the band be- 
came pliable and able to exert its maximum absorbent 
capacity. Furthermore, the speed of driving, owing 
to manual labor, dropped to 5 inches per second, but 
this was sufficient to fill an ordinary barrel in fifty 
minutes. As the band became better adapted to the 
work, the yield increased to 6.13 ounces per foot — 
763 pounds per hour. Subsequently steam power sup- 
planted the manual labor, and at a speed of 3 feet per 
second the output at 6 ounces per foot rose to over 
3,518 pounds per hour, giving a total yield per day of 
twenty-four hours of 84,432 pounds. 

Owing to the complete success of these tests, the 
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ELEVATION OF THE LEINWEBER 
APPARATUS. 


apparatus was dismounted and conveyed to another 
borehole in the vicinity belonging to the company, 
and re-erected where it is now operating continuously 
to a depth of 2,000 feet. 

It has been found necessary to reduce the absorbing 
capacity of the band, since when operated under the 
most economic conditions, the yield of the apparatus 
exceeds the capacity of the borehole. For instance, 
with a band approximately 5 inches in width by 0.5 
inch thick, covered with shag having pile one inch in 
thickness and driven at 15 feet per second, the yield 
is 3.66 pounds of paraffin per foot per second, which is 
equivalent to approximately 396,000 pounds per hour. 
Since the construction of the machine above described 
and‘now in operation at Kryg, the inventor has con- 
siderably reduced the proportions of the band, and at 
the same time reduced the driving speed, so that the 
band may be rendered more durable with an added 
freedom from breakdown. Owing to the nature of the 
material used for the band, it can be lengthened or 
shortened according to requirements with facility and 
expedition, since the joints are effected merely by cob- 
bler’s thread sewn either by hand or by an ordinary 
saddler’s machine. It has been found too that at no 
matter what speed the apparatus is driven, there is 
always a comparative absence of vibration, and that 
as the band becomes saturated with oil it runs still 
more smoothly, with an increased adhesion at the 
winding sheet, with less stiffness in the rope. Owing 
to the increased weight of the oil-charged ascending 
rope, it maintains an almost vertical line in the bore- 
hole, so that no losses are incurred by friction with 
the sides of the pit. The Kryg machine before being 
sent to the oil fields was submitted to severe tests with 
an overload of 2,500 pounds beyond the 550 pounds 
which was the stipulated weight of the ascending cable 
when charged with oil, and the band did not show the 
slightest signs of slipping or jerking during elevation 
to the surface at the highest speeds. 


The operation upon the Galicia-Carpathian oil fields 
has been attended with complete success, causing the 
device to be recognized as far superior to the ordinary 
pumping methods of raising the oil to the surface. The 
presence of sand in the pits does not interfere with 
its operation in the slightest degree, and it can be 
applied to any type of borehole, no matter of what 
diameter, it only being necessary to accommodate the 
dimensions of the rope to the size of the pit. Its effi- 
ciency can be regulated within wide limits by speed- 
ing up or reducing the drive as desired, or by enlarg- 
ing or reducing the width of the rope and the thick- 
ness of the pile covering, while the denser the fluid it 
has to raise, the greater the yield per foot at normal 
speeds. Owing to the simplicity of the mechanism 
there is nothing liable to derangement, the only wear- 
ing part being the band itself. This can be repaired 
whenever desired without dismounting the cable, 
either by cutting out the defective section entirely, or 
by sewing on new pieces of shag, or bundles of thread, 
which are equally efficient. 

The withdrawal of the band from the borehole or 
its insertion is easily and speedily effected. For the 
former the descent of the cable is arrested by securing 
it to the frame of the machine, and the engine con- 
tinues hoisting up the ascending rope, which can be 
coiled on the ground as it issues from the winding 
sheave; for the reverse operation, the ascent is 
arrested and the running of the engine merely per- 
mits the band to descend until it has gained the requi- 
site depth. Should there be any water in the bore- 
hole, this is drawn up with the oil and eliminated 
by passing through the pressing rollers, the oil falling 
into the receptacle beneath and the water being car- 
ried off through a conduit; similarly, any sand that 
may be suspended in the oil can be removed by means 
of a water or steam flush. Owing to the continuous 
movement of the band, the possibility of the borehole’s 
becoming obstructed at any point in its depth is ob- 
viated. Should the band suddenly break while run- 
ning it is not lost, since it passes thrice round the 
winding sheave before descending into the pit; and 
by means of a safety clutch and special attachment, 
directly the band breaks, the upper end is caught and 
held secure until the lower extremity is again brought 
to the surface. Similarly, should any untoward re- 
sistance be imposed upon the band, the winding sheave 
is immediately stopped. Owing to the two sections 
of the band—the ascending and descending respec- 
tively—being the same length and consequently of the 
same weight, when dry, they balance one another. The 
driving engine has thus only to be sufficiently powerful 
to hoist the weight of the oil saturating the rope, to- 
gether with the slight frictional losses that arise. 
Once set in operation, the apparatus requires no fur- 
ther attention whatever beyond the periodical inspec- 
tion of the cable, which can be followed while travel- 
ing, so that it can be run night and day without ces- 
sation. 

REBUILDING OF A SUNKEN BRIDGE 
ABUTMENT WITH CONCRETE STEEL. 
Tue abutment of a railway bridge on the line of 

the Marriout Railway, in Egypt, sank at the loading 

test. It has been successfully rebuilt of reinforced 
concrete. The bridge crosses a feeding canal of the 

Marioti lake, in which empty a great number of 

muddy irrigation canals of the province of Behera. 

The ground is therefore very unfavorable for a foun- 

dation. An examination of the soil down to 50 feet 

under the mean water level showed gray mud 9 feet, 

sticky mud with fragments of broken shells to 24 

feet, limestone to 25 feet, hard clay to 37 feet, com- 

pact sand to 45 feet, loose sand to 50 feet. 

The abutment was built by the “Compressol” method, 
which has been described in the Scientiric AMERICAN, 
i. e., by a falling weight compressing the soil down- 
ward and sideways, the hole so made being filled with 
concrete. Ten such holes were sunk under each abut- 
ment, and were connected by 2 314-foot concrete-steel 
slab. Upon this slab the pier rested. The load car- 
ried by the slab was only 240 tons, or 24 tons per 
piie. At the conclusion of the loading test, made with 
three locomotive engines with their respective tenders, 
the northerly abutment suddenly sank 4 inches deep 
and then gradually deeper to 3% feet, leaning over 
toward the land side, without the concrete showing 
any cracks. This accident was ascribed to the over- 
coming of the adhesion between mud and concrete, 
or to the building of a mud wave under the founda- 
tion. 
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To repair the structure, the upper part was removed 
and the abutment uncovered. The steel structure was 
raised from the pier by means of a wooden scaffold- 
ing and a cofferdam built around the pier, and the 
pier taken down to the foundation. This was sur- 
rounded by a ring of 34 piles, 46 feet long, driven into 
the sand. These wooden piles were cut 4 inches under 
the lowest water mark, and the heads bound together 
by steel rods. The ground inside of the ring was 


then excavated to 8 feet below the water level, and a 
layer of bowlders thrown into the excavation to make 
a solid foundation. 

A concrete-steel slab was now cast on top of the 
stones, covering the piles. The reinforcement con- 
sisted of five rods, 0.76 inch in diameter, laid on the 
upper as well as on the under side of the slab. Con- 
nection was made with the old foundation by boring 
into the slab three holes and putting through them 
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three 1.28-inches steel rods, firmly anchored to the ney 
foundation. Over the old foundation 0.76-inch steg) 
rods were laid, 16 inches on centers, also anchored to 
the new foundation. Upon this new foundation wag 
built a pyramidal concrete body completely enveloping 
the old abutment and carrying the new spandrel wal), 

The concrete consisted of old broken clay vessels, 
called chakf, sand, and Portland cement.—Dingler’s 
Politechnische Rundschau. 


TESTING DIRECT-CURRENT DYNAMOS. 


HOW TO MEASURE INSULATION RESISTANCE AND DETERMINE THE CHARACTERISTICS 


THere are several methods of measuring the insu- 
lation resistance of a direct-current dynamo, but the 
most convenient and practical method is known as 
“the voltmeter test for insulation resistance.” To ob- 
tain good results with the voltmeter test a voltage 


of 500 or over should be available, or at least a volt- 
— Line 
B 
s 
Vv 
1. 


age equal to that at which the machine is rated. The 
resistance of the voltmeter must be known, of course, 
and this can be found on the inside of the case, if a 
Weston voltmeter is used. For a 150-volt instrument 
of this type the resistance is about 15,000 ohms; that 
of a 600-yolt instrument is between 60,000 and 80,000 
ohms. 

The test is very simple. The voltmeter is con- 
nected across the source of current and the deflection 
noted. The instrument is then connected in series 
with the frame of the dynamo (be sure this connec- 
tion is perfect) and the circuit completed by connect- 
ing the other side of the line with a terminal of the 
machine. The connections are shown in Fig. 1, where 
V is the voltmeter and 8 a single-pole double-throw 
knife-switch. By throwing the blade up, the line 
voltage’ can be obtained; for the second reading, it is 
thrown down. The frame of the machine is repre- 
sented at A, while B indicates the free terminal of 
the winding. 

The insulation resistance is calculated from the 
formula 

D—1 


xX 
a 

in which X—the insulation resistance, R— the re- 
sistance of the voltmeter, D-= the first, or highest, 
deflection of the voltmeter, and d—the second, or low, 
deflection. Not more than one-millionth of the rated 
current of a machine should pass through the insu- 
lation at its normal voltage. To illustrate the use 
of the formula, assume that the 150-volt instrument 


Compound + 
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indicated 110 volts when connected to the line and a 
deflection of 1.5 volts on the second reading; then, 
110—1 
X= 15,000 x = 1,090,000 
1.5 
ohms of insulation resistance. To obtain the insula- 
tion resistance under normal running conditions, it 
should be done when the machine is thoroughly 
heated. 

Where a number of dynamos are to be tested for 
insulation resistance, marks indicating varying 
amounts of resistance may be permanently located on 
the voltmeter scale, the following formula being em- 
ployed to determine them: 


OF A DYNAMO. 
BY E. LINCOLN. 


110R 
ad = 

X+R 
in which d=the number of volts, opposite which 
should be placed the corresponding graduation to 
form the new scale; R=—the resistance of the volt- 
meter, X—the insulation resistance, and 110—the 
voltage used in all the measurements. (In this case 
110 is used for illustration, only, and can be replaced 
by any other value, preferably a higher one.) The 
insulation resistance should be indicated in megohms, 
% megohm, 4 megohm, etc., so as to avoid long num- 
bers on the scale. In using such an instrument, cali- 
brated in this way, the same voltage must be used 
when testing as when the graduations were made. 

The insulation resistance of the armature and fields 
may, of course, be tested separately, first disconnect- 
ing them electrically. 

The first step to be taken in testing a dynamo is to 
determine its rating, and the second step is to locate 
all its connections. In Fig. 2 are shown the connec- 
tions of both shunt and compound-wound types. The 
shunt windings comprise numerous turns of compara- 
tively small wire, while the series winding consists 
of a few turns of large wire in small machines, heavy 
bar copper being used in large machines instead of 
wire coils. By locating the windings and their con- 
nections with the brushes, it is an easy matter to de- 
termine the kind of dynamo. In Fig. 2 the position 
of the rheostat in the shunt-wound machine is shown 
to illustrate why three wires are usually run to a 
machine instead of two or four. A series-wound ma- 
chine has no shunt winding and is connected in the 
same manner as the compound-wound dynamo in Fig. 
2, omitting the shunt field winding. 

It sometimes happens that the nameplate on a dyna- 
mo does not indicate its rating, or perhaps the name- 
plate has been removed and is lost. In such case, one 
can get an idea as to the output by examining the 
windings. If it is a compound-wound machine and 
its series winding is composed of very large wire, 
with few turns, while its brush and commutator are 
large, compared to the size of the dynamo, it will 
probably deliver a low voltage and high amperage. 
Conversely, in most cases a fine-wire winding with 
many turns in the shunt field indicates a high volt- 
age. A high-speed machine will have a small arma- 
ture as compared with its field-magnet, which will 
have few poles. When the field-magnet and armature 
are about the same proportions, the machine will 
probably run at medium speed. A low-speed machine 
will have a large armature in comparison with its 
field-magnet, which will have a number of poles. 
These deductions apply to dynamos of equivalent ca- 
pacity. Judgment of the output and speed of dyna- 
mos formed in the manner outlined is, of course, only 
approximate. Any speed up to 600 revolutions per 
minute might be considered low for small machines, 
from 600 to 1,000 revolutions per minute would be 
medium speed, and above 1,00¢ revolutions per minute 
high speed. For large machines the figures would be 
reduced nearly 50 per cent. Accuracy in estimating 
will depend chiefly upon experience in dynamo design 
and operation, and the ability to reason. 

Incandescent lamps will be found convenient for 
determining voltage. By starting with a number of 
lamps in series and gradually cutting them out, a 
good idea of the voltage of a dynamo can be obtained, 
For instance, ten 100-volt lamps in series would re- 
quire 1,000 volts to burn each lamp at its rated candle- 
power. By short-circuiting one lamp at a time the 
approximate voltage of the line can be regulated, if 
each lamp is burning at or near its rated candle- 
power. 

There are three characteristic curves for every 
dynamo—the internal, the external, and the total. 
The internal characteristic curve shows the relation 
between the current and electromotive force in the 


machine circuit, its armature, field winding, etc. The 
external curve indicates the relation between the 
amperes and volts delivered to the external circuit 
supplied by the dynamo, such as the amperes and 


Fie. 3. 


volts delivered to a power or lighting circuit. The 
third, or “total” curve, takes into consideration the 
total current and voltage, i. e., both the interna! and 
external. The shape of the characteristic curve de 
pends upon the method of connection between the 
armature and field winding of the generator. ‘These 
curves are plotted on cross-section paper and the 
usual method is to plot the volts on the vertical |ines, 
ag ordinates, and the amperes oh the horizontal lines, 
as abscissas. In many cases these curves can be fig: 
ured out mathematically, but the most accurate meth- 
od is to test the finished machine. 

Referring to Fig. 3, the curve A represents the ex- 
ternal characteristic of an arc-light series generator. 
t will be noticed that the curve does not start at the 
origin. This is due to the fact that a small amount 
of magnetism remains in the field-magnet. This is 
termed “residual magnetism.” Without this muagnet- 
ism it would be impossible for the machine to start 
up under its own excitation. The curve runs up very 
steeply until the iron in the field-*magnet approaches 
the point of saturation. The load is increased until 
the machine is finally short-circuited. 
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drops in a straight line, due to a governor which 
changes the position of the brushes. It is upon this 
portion of the curve, from X to Y, that the load, which 
usually consists of arc lamps burned in series, is ca 
ried, The dotted line C-D represents the characte™ 
istic that would be obtained if the position of the 
brushes were unchanged. It will be seen that the 
machine delivers a constant current, with its volt 
age varying to suit the resistance of an external cit 
cuit. The curve B is the “total” characteristic curve, 
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and is obtained by multiplying the current by the in- 
ternal resistance of the machine and adding the result 
to the voltage of the external characteristic. These 
yalues can be taken from the loss line described 
later. 

Great care must be taken, when obtaining these 
curves from a series machine, that the circuit is never 
proken, as the voltage will rise to a very high value, 
due to the self-induction of the armature and field- 
magnet. The connections for a series machine are 
shown in Fig. 4 where G is the generator, A is the 
ammeter, and V is the voltmeter. A variable resistance 
is represented at R and should be so arranged that 
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the -ircuit will never be broken. The switch B is 
usec to short-circuit the field winding in case it is 
nece ssary to adjust connections or make changes. The 
am: eter and voltmeter readings should be simul- 
tan'ous. Before starting, see that the generator and 
gov rnor are in perfect condition and that the ma- 
chire is properly connected to the circuit. The speed 
thrcughout the run must be kept constant. The first 
reac ing is taken with the switch C “off,” to get the 
voli ge at which the curve is to start. The switch C 
is tien closed and the variable resistance R is grad- 
ualiy cut out, readings being taken at various points 
in tne resistance to obtain a smooth curve. When the 
last point is reached the switch E is closed to short- 
circuit the machine, and this will give the last point 
on ‘he curve. In this last reading the voltage will be 


‘zero. but the current will vary little from the other 


Teaiing, if the governor is in proper working order. 

In starting such a test it must be seen that the cur- 
rent is passing through the field winding in the prop- 
er direction for the machine to “build up.” If this 
is ot the case, simply reverse the terminals of the 
winding. 

The line MZ, Fig. 3, is the resistance line of the 
dynamo, This line is obtained by multiplying the 
known internal resistance of the generator by the dif- 
ferent currents, given as abscissas. Only one value 
is necessary, however, to determine the loss line, and 
an illustration will be of assistance. Suppose the re- 
sistance of the generator, measured at its terminals, 
is found to be 3 ohms. (This measurement should 
be made after the run when the machine is at work- 
ing temperature.) Multiply the resistance of 3 ohms 
by, say, 10 amperes, which gives 30 volts. Then find 
a point on the plotting paper which corresponds with 
10 amperes and 30 volts. From this point draw a 
straight line to the origin, and this will be the loss 
line. The resistance of the machine is obtained by 
the drop method already described. It may be neces- 


Sary to block the armature to prevent it from running 
as a motor in the reverse direction. Each reading 
of the instruments must be carefully noted, and it is 
important that readings should not be repeated, as 
the same values cannot be obtained on account of the 
hysteresis of the field-magnet. 

The internal characteristic curve of a series dynamo 
is obtained by plotting the voltage of the armature 
an’ the current in the field winding, but it is neces- 
sary, of course, to excite the field-magnet by means of 
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an adjustable current taken from some _ separate 
source, 

The characteristic curves of a shunt-wound dynamo 
are shown in Fig. 5. The curve A is the internal 
characteristic or magnetization curve of the generator. 
It is obtained by plotting the current in the field wind- 
ing as abscissa and the volts at the terminals of the 
machine as ordinates, the machine running free. This 
curve is similar to the characteristic curve of a series 
machine. It bends over as the current increases, due 
to the field-magnet nearing the point of saturation. 
If increased, it would run in a practically straight 
line. The dotted line back of the curve A represents 
the values when the current is decreased, using the 
highest readings as a starting point. This peculiar 
condition is due to the residual magnetism of the 
iron in the field-magnet. The curve B represents the 
external characteristic and is obtained by plotting the 
current delivered to the external circuit as abscissa 
and the voltage at the brushes as ordinates. This 
curve tends to bend backward as the load is increased. 
The voltage drops, due to the resistance of the arma- 
ture, or more properly the 7 R or amperes xX resist- 
ance drop of the armature. This decrease in voltage 
allows less current to flow in the field winding and 
in turn still further decreases the voltage of the dy- 
namo. If the voltage at the field-winding terminals 
were kept constant the curve would not bend back- 
ward, but would take the form of the curve D, which 
represents the armature characteristic. The drop in 
this curve is due to the resistance of the armature 
enly. From the foregoing it can be seen that the pe- 
culiar bend in the external curve is due to the drop 
in voltage at the field-winding terminals. In large 
dynamos the values of the bending portion of the 
curve cannot be obtained, as the large amount of cur- 
rent flowing in the armature would be liable to in- 
jure it. 

The “total” characteristic curve is indicated at C 
and is obtained by adding the current in the field 
winding to the value of the current in the external 
circuit. In order to obtain the voltage of the total 
characteristic, the resistance of the armature must 
be known and this multiplied by the different values 
of current will give the total voltage. , 

The internal characteristic or magnetization curve 
is obtained by running the machine without load and 
plotting the voltage at the brushes, and the current in 
the field winding. The field-regulating rheostat and 
a low-reading ammeter are connected in series with 
the fields. The speed of the machine must be kept 
constant. Starting with the field circuit broken, the 
origin of the curve is obtained. The voltage at this 
point is due to residual magnetism, as previously 
stated. Gradually cut the resistance out and take 
readings at enough points to get a smooth curve. It 
is important that this circuit should not be broken 
unless all the resistance is in the circuit. Never re- 
peat readings, but if a mistake is made start the 
whole curve over again, after waiting a few minutes 
for the magnetism to return to its former condition. 

The connections for the external characteristic 
curve are shown in Fig. 6, where A indicates the 
armature of the generator. The current passes from 
the brushes to a switch S, and then enters the variable 
resistance B. The form of resistance used, whether 
lamps, wire or barrel, will depend upon the size of 
the dynamo. The ammeter and voltmeter are repre- 
sented at A’ and V, respectively. The field rheostat is 
shown at R. connected in the field circuit, which 
should remain unchanged after the voltage has been 
equalized with that at which,the machine is rated. 
The generator is first brought up to its rated speed 
and its voltage properly adjusted. Before starting be 
sure that the machine is in perfect order and properly 
oiled. When everything is ready close the switch S, 
making certain that all the resistance is “in” at the 
variable rheostat B. Open the short-circuiting switch 
C and determine whether the ammeter is properly 
connected in the circuit or not. If the wrong polarity 
exists cut the instrument out and reverse its leads. 
With the switch C open, gradually. cut out the re- 
sistance B until the machine is overloaded about 50 
per cent, being careful that it does not get too hot. 
When the highest reading has been taken, unload the 
machine and break the circuit. The speed through- 
out the test should be kept as constant as possible, 
readings being taken at frequent intervals and re- 
corded. 

Referring again to Fig. 5, once more note the drop 
in voltage as the load increases. If the field current 
should be increased in proportion as the load in- 
creases, a straight line would be the result. The ob- 
ject of the series winding is to furnish this increase 
in the magnetizing power and raise the voltage of 
the armature. Its effect is like that of an automatic 
rheostat which increases or decreases the field 
strength according to the load on the generator. In 
most cases, however, it is desired to increase the volt- 
age of the generator in order to compensate also for 
line losses. The dynamo is then said to be over-com- 
pounded, the compensation necessary varying by from 
2 to 15 per cent, according to the class of service. 
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In this case the curve would rise as the load increases; 
in the case of a 500-volt machine over-compounded to 
compensate for a 10 per cent loss, for example, the 
voltage would be 550 volts at full load. The per- 
centage of compensation furnished can be varied by 
shunting the series winding, as shown at S, Fig. 7. 
The current will then divide, part flowing through 
the series field winding and the remainder through 
the shunt which usually consists of German-silver 
ribbon. This method of regulating the compounding 
is useless when machines are to be operated in paral- 
lel, but works satisfactorily with a single machine. 
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The curves for these machines would be obtained in 
the same way as for the shunt-wound machine in Fig. 
6. The only difference would be that the series field 
coils would be in series with the line at the points X 
and Y, X representing the brush terminal, and Y the 
terminal gf the dynamo. The voltmeter lead would 
then be connected at the new terminal of the machine, 
or at Y. The dynamo would be of the “short-shunt” 
type with the connection as shown, and of the “long- 
shunt” type if the shunt field winding were connected 
at the point Y, thereby causing the shunt field current 
to pass through the series winding. In practice it 
makes very little difference which method of connect- 
ing the shunt winding is used, as both give practically 
similar results.—Power. 


SAW ANNEALING BY ELECTRIC ARC. 

A CONTRIBUTOR to the Electrical World describes how 
in a simple manner the electric arc may be utilized 
for annealing the center of a circular saw. For a cer- 
tain milling operation it was necessary to use a 4- 
inch saw, 1/16 inch thick, so close to a projection on 
the work that it could not be supported on more than 
one side. A special arbor was made with a shoulder, 
and the saw was soldered in place. The heat of the 
solder, however, made the saw buckle, and it broke 
loose after milling a few pieces. It was then decided 
to anneal the center of the saw, and fasten it to the 
end of the arbor with button-head screws. The device 
shown in the cut was used for the annealing. This de- 
vice consisted of two pieces of are light carbon con- 
nected up to the lighting system, which was 110-volt 
direct current, with six 16-candle-power lamps ar- 
ranged so that one or more could be put in the cir- 
cuit for resistance. The spots to be annealed were 
marked on the saw, and it was then clamped to one 
edge of a small surface plate. One of the carbon 


TO LIGHTING 
SYSTEM 


Switch 


BANK OF LAMPS 


CLAMP 


Carson 


TERMINAL 


TERMINAL 


SURFACE PLATE 


SAW ANNEALING BY ELECTRIC ARC. 


terminals was also clamped to the surface plate, and 
after turning on the current, the other carbon was 
held just far enough from the spot to be annealed to 
cause a good are. This was continued until the spot 
was judged to be hot enough, and then the other spots 
were treated in the same manner. The result was so 
successful that the saw was easily drilled and counter- 
sunk at the annealed spots, and the screws put in flush 
with the side of the saw- 
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HOW RADIO-ACTIVITY HAS AFFECTED ROCKS. 


BY THE HON. ROBERT JOHN STRUTT, M.A., F.R.S. 


Tue source from which radium is obtained is the 
mineral pitchblende. This mineral occurs in veins, 
like the majority of useful metals; I may refer particu- 
larly to the mineral veins of Cornwall, so long famous 
as a source of tin. These veins are of the nature of 
cracks, running through the granite and through the 
slate which adjoins it. The cracks have been filled up 
by the various metallic ores which have been intro- 
duced by precipitation or sublimation, the exact nature 
of the process being somewhat obscure. 

An experiment, due to Sir W. Crookes, illustrates 
the radioactivity of pitchblende in a very beautiful 
manner, A flat polished slab of pitchblende intergrown 
with a variety of other material which is not radio- 


* active was laid face to face with a photographic plate, 


which was developed after the lapse of about a week 
of contact. The radium and other radio-active sub- 
stances contained in the pitchblende have acted photo- 
graphically upon the plate, while, of course, those por- 
tions of the material which are not radio-active have 
exerted no such action. Thus pitchblende has, as it 
were, taken its own portrait. 

Pitchblende, the principal radium ore, contains only 
an infinitesimal percentage of radium, the bulk of the 
substance being made up of oxide of uranium. Uranium 
is commonly spoken of as a rare metal; but terms of 
this kind are comparative only, and in contrast with 
radium, which is more than a million times scarcer, 
it seems common enough. Now I wish to speak for a 
little about this association of uranium and radium in 
pitchblende. Is it accidental, or has it some special 
significance? 

In the early days of radium, it was common to hear 
the difficulty emphasized, that while there was no rea- 
son for doubting that the radium which was found in 
the earth had been there as long as other metals, a 
substance that was continually giving out energy in 
this way was obviously defying the greatest physical 
generalization of the nineteenth century—the law of 
conservation of energy. We cannot, however, afford to 
sacrifice this law so easily, and a ready mode of escape 
offers itself, if we suppose that a continual waste of 
radium is occurring. In that case it becomes necessary 
to suppose also that the supply is in some way replen- 
ished, for otherwise all the radium would have wasted 
long ago. From what material are the fresh supplies 
of radium derived? They must be derived from some 
other substance contained in the mineral where the 
radium is found, and there is now reason to feel sure 
that uranium is the substance in question. 

We have convincing proof of this, in the fact that 
the amount of radium found in the mineral is always 
in direct proportion to the quantity of uranium which 
it contains. I should perhaps say, to avoid miscon- 
ception, that there is good reason for believing that 
several transitional stages exist through which ura- 
nium passes on its road to become radium, It is not 
necessary, however, to take into account the existence 
of these intermediate products in order to form a clear 
idea of the process by which the supply of radium is 
kept up. Uranium changes spontaneously though very 
slowly into radium, and the amount of radium pro- 
duced per annum, for example, will be proportionate 
to the amount of uranium present. On the other hand, 
a certain fraction of the total amount of radium pres- 
ent decays per annum, and the balance of this account 
of profit and loss will represent the amount of radium 
found in the mineral at any time that we examine it. 
There will be no difficulty in seeing that on this theory 
the amount of the radium in the mineral should be 
proportionate to the amount of uranium, and experi- 
ment fully confirms the theory by showing that such 
is in fact the case. We have here a clear and distinct 
case of the transmutation of metals, so long unsuccess- 
fully searched for. 

Let us now come back to the pitchblende. 

What was the source of metalliferous ores found in 
mineral veins is a very much vexed question, and no 
solution of it which has yet been proposed can be said 
to be altogether free from difficulty. One of the most 
plausible theories, however, supposes that the metals 
have been derived from the rocks by which the veins 
are traversed. We are not here concerned with metal- 
liferous ores in general, but only with those which 
carry radio-active material. In deciding whether the 
granite of Cornwall can be supposed to furnish the 
uranium of pitchblende, it is, of course, fundamental 
to know whether any uranium is present in the rock. 
It should be said, by way of preface, that the quantity 
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must, at best, be very small, and certainly too small 
for detection by the methods of chemical analysis as 
ordinarily applied. We have seen that uranium in na- 
ture is invariably accompanied by a _ proportionate 
quantity of radium, and as it is in practice much easier 
to detect minute quantities of radium than to detect 
the corresponding quantities of uranium, it is best to 
look for the former only, and to be content to infer 
the presence of the latter. 

I have made a large number of experiments to find 
out how much radium there may be, not only in Corn- 
ish granite, but in a large variety of other rocks. In 
every case the presence of radium has been established, 
though only to the extent of about one-millionth part 
of what is found in pitchblende, and even that, it will 
be remembered, is not much. If we take into account 
the very large bulk of the granite and the very small 
bulk of the pitchblende veins running through it, 
there is no difficulty in admitting that the granite was 
capable of supplying the radio-active material of the 
pitchblende. 

Granite, of course, consists of a variety of different 
minerals, which give it its mottled appearance. These 
minerals, there is no reason to doubt, have been formed 
in the successive stages of crystallization of an origi- 
nally molten mass. There is a mineral called zircon, 
of which the jacinths sometimes set by jewelers are a 
variety, which is present in very minute crystals in 
granite. These minute crystals of zircon have a very 
characteristic geometrical shape; a square prism termi- 
nated at each end by a pyramid, as you see in the pho- 
tograph. The fact that they have this perfect shape 
is a proof that they have been perfectly free to assume 
their natural form, and have not been hampered for 
want of space by other minerals surrounding them. 
The inference is plain that zircon has been one of the 
first minerals to crystallize in the consolidation of 
granite. 

I have found that this zircon is very much richer in 
radium than the granite generally, though, on the 
other hand, it is poor compared with pitchblende. It 
seems clear that the minerals which crystallize first 
take an unfair share of the radio-active elements, leav- 
ing the rest of the magma impoverished. 

In the light of. this observation, Prof. Joly, of 
Dublin, has been enabled to explain a curious appear- 
ance which is seen when a section of the granite thin 
enough to be transparent is examined under the mi- 
croscope. One of Prof. Joly’s photographs shows 
a minute crystal of zircon, which is imbedded in a 
large crystal of mica. The material surrounding the 
zircon for a definite distance outward has become 
darkened in color, The altered region round the speck 
of zircon is practically circular, and is reminiscent of 
a spot of grease on cloth. 

Prof. Joly has pointed out that this alteration 
in the surrounding materials must be due to the radio- 
activity of the zircon. That radio-active materials are 
capable of producing such colorations has been known 
from the early days of radium. A glass bottle, in which 
a radium preparation has been kept, is stained a deep 
purple by long-continued action of radium. 

It may, perhaps, be thought that this idea, though 
plausible, is no more than a guess. It is, however, 
much more than that. We know, from the investiga- 
tions of Prof. Bragg and Mr. Kleeman, that the 
a-particles of radium, which constitute the most im- 
portant feature of radio-active emission, are able to 
penetrate only a limited and definite distance into 
solid materials. They then lose their characteristic 
properties, if, indeed, they are not altogether stopped. 
This distance has been measured experimentally, and 
Prof. Joly has shown that the distance is just the 
same as the distance to which the alteration round the 
zircon crystals extends. Thus we have full quantita- 
tive confirmation of the theory which attributes it to 
radio-activity. 

I will now pass from the discussion of a very minute 
phenomenon to the discussion of a large scale one. It 
will be familiar to many that, in the opinion of some, 
at least there is reason for changing the views which 
have been held for two generations concerning the 
earth’s internal heat. We know that there is, at any 
rate, some radium in the earth, and that radium gives 
out heat. Thus it cannot be disputed that some part 
of the earth’s internal heat must be due to this cause; 
the only question which remains is whether this part 
is large or small; whether, in fact, the earth’s internal 
heat is chiefly to be accounted for as a small remnant 
of the much greater internal heat which it once pos- 
sessed, or whether there is enough radio-active mate. 


rial in the earth to supply most of the annual loss by 
conduction through the crust and radiation into space 

As I mentioned before, I have made a large number 
of determinations of the quantity of radium in the 
rocks of which the superficial portions of the earth are 
constituted. These are found to be so rich in radium 
that the difficulty is not so much to account for the 
internal heat of the earth, as determined by under. 
ground observations of temperature, but rather to up. 
derstand why it is not much hotter. I have suggested, 
as an explanation, that this general distribution of 
radio-active material, which pervades the outer parts 
of the earth, is in reality superficial, extending only to 
some moderate number of miles in depth, though no 
doubt much deeper than the deepest mines. I am not 
wholly satisfied, however, of the sufficiency of this 
explanation. Radium, and the series of products of 
which it is one, are not the only radio-active matvrials 
in the earth; there is another series, of which thorium 
is a member, and there is good reason to suppose that 
thorium is present in rocks in such quantity as to add 
appreciably to the evolution of heat. Taking this into 
account, we should probably find, if we had exact data 
for calculation, that the thickness of rock containing 
radioactive material was so small that the maierial 
of the interior would somewhere have exuded, in the 
course of the violent dislocations and earth movenients 
which geology reveals to us. No material, how ever, 
appears anywhere at the earth’s surface which can 
plausibly be regarded as representative of the un- 
known interior, if the suggested hypothesis is a: cept- 
ed. It cannot be denied that the subject is at present 
obscure. Possibly an explanation may be found by 
supposing that the activity of uranium may be ar. 
rested at high temperatures. We have at preset no 
adequate experimental evidence on the subject. It is 
known that there is very little effect of this kind on 
radium. If, however, the activity of uranium were 
arrested at a high temperature, the supply of radium 
and all the other members of the series would fa!! off, 
and thus the aggregate heat production of the whole 
series might be greatly diminished. 

I shall now pass to another branch of the subject. 
The invcstigations of Sir William Ramsay and Mr. 
Soddy have proved that there is continuous evolition 
of helium from the radium emanation. We have good 
reasons, into which, however, I do not propose to en 
ter, for considering that the same is true of radi¢ 
active changes in general, at all events those in which 
there is an emission of radiation. Helium is probably 
evolved at each stage of the transformation of ura 
nium, and at each stage of the transformation of tho 
rium; and it results that the natural minerals and 
ores in which these elements are found, contain a store 
of helium, which has accumulated in them, and re 
mains locked up tin their pores. 

As already mentioned, I have succeeded in eter 
mining the presence of radium in granite, Thus it 
becomes natural to inquire whether the corresponding 
amount of helium:is to be found there too. Nothing 
of the kind had ever come under observation before, 
and it was therefore with some interest that I made 
the experiment. You see before you a vacuum tube of 
helium prepared from ordinary granite. The charac 
teristic yellow glow will satisfy anyone acquainted 
with the appearance of a helium discharge of the pres 
ence of the gas. 

The facility with which helium was detected in grat- 
ite suggested further experimental problems. The ut 
doubtedly radio-active elements are at present col- 
fined to uranium and thorium, and their respective 
families of descendants. Evidence has been produced, 
by myself, among others, which suggests that lead and 
some other elements possess a feeble radio-activity of 
their own. But this evidence is somewhat equivocal. 
It seemed highly desirable to attack the question in @ 
new way, and the idea suggested itself of looking for 
helium in the naturally occurring ores of all the ele 
ments, common and rare. This had indeed been one, 
to some extent, from quite a different point of view, 
by Sir William Ramsay and his coadjutors, in theif 
first investigations on helium; but their observations 
were directed to finding a practical source of the gas 
and were not carried out with anything approaching 
the minuteness required for the present purpose. 

The upshot has been to prove the presence of hc lium 
in almost every mineral examined, and even in such 
unpromising materials as rock crystal, or commom 
quartz sand. The quantity found in the various «as 
has varied very widely. In fact, minerals may be 
found having any helium content, from thorianite, 
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which contains 10 cubic centimeters per gramme, 
down to rock crystal, which contains about a ten- 
millionth part of that quantity. 

Are we to regard the helium in common minerals as 
due to a feeble radio-activity of the common elements? 
No doubt such a hypothesis is tempting, but it must 
be rejected. Radium is present everywhere in traces, 
and these traces are in general sufficient to account for 
the minute quantities of helium. This is illustrated in 
the table below, which gives in round numbers the 
actual amount of helium extracted from various min- 
erals by heat, and the amount of helium reckoned rel- 
atively to the radium. 

There is reason to think, as already mentioned, that 
the presence of thorium would constitute another 
source of helium. But it is believed that this compli- 
cation does not produce any appreciable effect in these 
eases. Minerals like quartz, though they contain actu- 
ally only an infinitesimal quantity of either substance, 
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still show about the same proportion of helium to 
radium as the minerals which are rich in both. We 
may conclude that helium is connected with radium in 
the poor minerals as in the rich ones. 


Helium ratio., 


Helium present 1.e., ratio of helium 


Mineral. c.mm, per kil, to radium 
Normal— (arbitrary scale) 
Samarskite .......... 1,500,000 14 
2 17 

Abnormal— 


I have, however, encountered an interesting excep- 
tion to this rule in the mineral beryl. Beryl is, in all 
essentials, the same as emerald; the latter name is 
kept for stones which are of a clear deep green color, 
but scientifically the distinction is of no importance. 
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Some beryls contain enormously more helium than can 
be accounted for by the small traces of radium in them. 
Nor do they contain any appreciable quantity of other 
radio-active material. What view, then, can we take 
of the presence of helium in this mineral? It is, to 
me at least, difficult to believe that the gas can have 
been introduced from without. If not, can it have been 
generated from radium formerly existing in the beryl, 
but now exhausted? This, too, seems unlikely, 
for it would imply that beryls are older than other 
minerals, and there is no plausibility in such a theory 
from the geological standpoint. My own opinion is 
that, in all probability, an element hitherto unknown 
exists in the mineral, from which the helium is gener- 
ated. It may be objected that, in that case, the min- 
eral ought to be radio-active. If, however, the radia- 
tion were emitted with less than the critical velocity, 
we should not be able to detect it, and nothing is 
known to make such an hypothesis improbable. 


THE MERITS OF LIQUID FUEL 


A GENERAL REVIEW FOR PURPOSES OF COMPARISON. 


BY CHARLES L. HUBBARD. 


Tie object of this article is to give a brief review 
of tie subject rather than to take up in detail any 
particular branch or present the results of any single 
test: and is especially for those who wish for ‘a gen- 
eral knowledge of the matter for purposes of compari- 
son without going too much into the details. The 
data presented represent average rather than specific 
conditions and results. 

Ti king up briefly the advantages and disadvantages 
of liquid fuel as compared with coal, we may mention 
among the former absence of ashes and soot, cleaner 
heating surfaces, a more even distribution of heat in 
the -ombustion chamber, as it is not necessary to open 
the ‘eed doors to supply fresh fuel, and an increased 
steaning capacity of the boilers due to the above con- 
ditions. It might be mentioned here, however, that 
the recent improvements in mechanical stokers tend to 
secure the above results in the case of coal also, but 
the greater simplicity of the apparatus required in 
oil burning, together with the absence of dust, ashes, 
and clinkers and the ease of handling, are still im- 
portant factors in favor of oil. 

The disadvantages include danger of explosion under 
certain conditions, noise from the burners if not 
properly designed and adjusted, and higher cost, ex- 
cept in or comparatively near to the sections where oil 
is produced. 

The two kinds of oil in general use are the crude 
petroleum as it comes from the wells, and the resid- 
uum remaining after the lighter products have been 
removed by distillation. The combustion of one pound 
of petroleum will produce on an average from 17,000 
to 2,000 heat units, as against 12,000 to 14,000 for the 
same weight of coal, thus making its heating value, 
pound for pound, about 50 per cent greater. Under 
the conditions of actual practice this difference is 
somewhat greater, and it is customary to consider 
31% to 41%4 barrels of oil containing 42 gallons each, as 
equivalent to a ton of coal (2,000 pounds). With these 
data at hand as a basis, the relative costs of the two 
fuels can be easily approximated for any locality 
by making due allowance for the reduced cost of labor 
in the case of oil. , 

In burning oil, it must first be changed to a vapor, 
then mixed with air in the right proportion, and com- 
bustion must take place in a furnace in which a suit- 
able temperature is maintained. The foundation of 
a method of oil burning depends upon: First, means 
for vaporizing the oil; second, an adequate supply of 
air delivered in such a manner as to be thoroughly 
mixed with the oil vapor in the right. proportions, and 
third, provision for properly heating the oil and air 
either before mixing or immediately afterward as it 
is fed into the furnace. Although there are many 
forms of burners in common use, they may be divided 
into three general classes as follows: Mechanical 
Spray burners, air burners, and steam-jet burners. In 
the first the oil is forced through a specially designed 
nozzle under a high pressure and is delivered to the 
furnace in the form of a fine spray which renders it 
easily inflammable. In the Kérting burner the oil is 
Passed at a temperature of about 270 deg. and a pres- 
Sure of 50 vounds per square inch through a nozzle 
containing a specially grooved spindle; the effect of 
this is to give the oil a rotary motion, which breaks 
it into a spray as it leaves the nozzle. Another form 
of this type of burner causes the oil to pass through 
@sniall orifice against a cutter placed a short distance 
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in front of it, the effect being similar in this case to 
the one already described. 

In the air burners, so called, the oil is held in sus- 
pension and driven into the furnace by means of a 
jet of compressed air. Steam-jet burners act in a 
similar manner to those in which compressed air is 
used; the oil being injected in the form of a spray, 
a jet of steam being employed for this purpose instead 
of compressed air. Air in the right proportion is 
mixed with the oil and steam by means of an opening 
in the side of the burner and also by way of openings 
from the ash pit into the furnace. The use of com- 
pressed air and steam in a burner is much the same, 
but the air should first be heated to a high tempera- 
ture by passing it through a fire-brick duct passing 
along the side of the furnace or of the combustion 
chamber. 

In the Grundell-Tucker air burner, both the air and 
oil are supplied under a pressure of about 30 pounds 
per square inch. The oil is ordinarily heated by a 
steam coil to a temperature of 120 to 130 deg., and the 
air to about 350 deg. The high temperature of the lat- 
ter is due in part to mechanical compression and 
partly to the absorption of heat while passing through 
the air chamber surrounding the burner. 

The Williams burner is a representative of the 
steam-jet type. In this, the steam and oil are sup- 
plied through separate openings meeting at the end 
of a conical spindle placed at the center of the steam- 
delivery tube. Heated air is admitted through a third 
opening placed just beyond the spindle. Valves are 
provided for regulating the flow of steam, oil, and 
air, and the mixture is blown into the furnace in the 
right proportion for combustion. For securing the 
best results with burners of this type, steam at a 
high pressure is desirable. Steam-jet burners spread 
the flame more and are thus more desirable for large 
furnaces with much exposed brickwork. 7 

With air burners the flame.is more concentrated 
and therefore more destructive to the boiler plates 
and setting. The best number of burners depends 
upon the size of the boiler. 

They are commonly made in various sizes up to 300 
horse-power or more, but several burners of smaller 
size are found to be more economical in the use of 
oil than a single large one. Common practice calls 
for one burner for each 60 to 80 horse-power under 
ordinary conditions. Another way to determine the 
number of burners is to place one in the center of 
each fire door. The arrangement of the furnace and 
its general construction depends largely upon the 


“make of boiler and type of burner to be employed. 


The usual method is to cover the grates with brick- 
work, keeping them and the furnace walls in astate of 
incandescence by spraying them with the burning oil. 
Broken fire brick are commonly used for covering the 
grates, being spread over them in the form of a 
porous bed for admitting an abundance of air for 
combustion. The grates should be of ample size and 
air may be admitted by way of the ash pit in the 
usual manner. 

A bridgewall is provided in the same manner as for 
a coal-burning furnace. Sometimes the grates are 
plastered over with a layer of fire brick laid in plastic 
asbestos, and air admitted from below through spe- 
cial openings of 70 to 80 square inches for each 50- 
horse-power burner. Where this arrangement is used, 
a spatter wall, so called, built up of fire brick is 
placed in front of the bridgewall and the flame from 
the burners directed against it. In some cases special 


burners are attached directly to the grates without 
change. 

Care should always be taken to keep the direct 
flame away from the plates, as they are liable to 
damage from burning. Various arrangements are 
used for the storage of oil, the most approved being 
an underground tank of plate steel or iron located 
outside of the boiler room. 

The oil should be kept warm in order that it may 
flow more readily through the pipes leading to the 
burners. If a pump is used, a coil may be placed in 
the tank, through which exhaust steam may be passed. 
Sometimes the oil is forced to the burners by admit- 
ting steam or compressed air to the upper part of the 
storage tank. If the former is used, it serves also 
to warm the oil. Hot water from the boilers is also 
used for this purpose in some cases. 

For the best results the pressure of oil at the burn- 
ers should be kept constant. This may be done by 
first pumping it to a standpipe and allowing it to 
flow to the burners under a constant head due to its 
elevation, or it may be supplied directly by a pump 
provided with a relief valve and bypass so arranged 
that the pressure in the delivery pipe will remain 
constant. In case a standpipe is used, an automatic 
valve should be provided for draining it when the ° 
steam pressure drops below a given point in order 
to prevent flooding the burners when the pressure is 
not sufficient to atomize the oil. 

Oil used for fuel is not of itself easily inflammable, 
but when heated much above 140 deg., gives off gases 
which, if mixed with air in the proper proportion, 
are highly explosive. For this reason the storage 
tank should be located well away from the boilers and 
the heat of the sun. Gases may also be formed if 
air is forced through the oil, or if it is violently agi- 
tated, as by passing it continuously through a pump 
where the discharge from a relief valve is connected 
directly into the suction pipe. When proper precau- 
tions are taken, there should be no danger from explo- 
sion, and the element of danger need not be seriously 
considered in a plant properly installed. 

An explanation of the shortened life of tantalum 
lamps on alternating circuits is given by Signor Scarpa 
in Elektrotechnik und Maschinenbau. He suggests 
that it is due to rapid mechanical vibration set up by 
electrodynamic action in the long straight parts of the 
filament. This gradually induces a crystalline state 
of the material, and numerous points of breakage oc- 
cur in the filament. The writer made experiments 
with a microscope having a micrometer eyepiece, and 
sending first a direct current and then an alternating 
current through the lamp while under observation. 
The apparent thickness of the filament was double as 
great with the alternating as with the direct current, 
owing to the rapid vibration set up. At the same time 
the brightness of the filament appears greatest at the 
outer edges. The apparent thickness also varies peri- 
odically in accordance with the natural frequency of 
the filament. With vertically arranged U-shaped car- 
bon filaments the vibrations could be noticed by eye. 
The writer is of opinion that in the osmium lamps 
the vibrations are considerably less than in the tan- 
talum lamps, owing to the smaller weight and in- 
creased damping, and this explains the longer life of 
the former. In order to eliminate this effect of an 
alternating current as far as possibile, the parts of the 
filament should be kept equidistant everywhere, so as 
to delay the crystallization. 
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THE MAN BEHIND THE GUN 
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HOW THE GUNNER IS TAUGHT TO HIT THE TARGET. 


In the British navy, when training men for effi- 
ciency in gun handling, a device is made use of that 
entirely does away with the wear and tear upon the 
breech mechanism of the actual guns that is always 
associated with loading drills. This is a model of 
the breech of a 6-inch cannon, and is constructed in 
such a manner that a gun’s crew can perform all the 
actual operations necessary for firing in action. Any 
number of rounds can be theoretically discharged, 
and the men are taught to load with rapidity and 
are made familiar with the situation and manipula- 
tion of the various parts of the breech mechanism. 


them from the rifle barrel already mentioned. The 
bullets are caught in an iron box filled with oakum 
fixed to the muzzle of the gun. For practice with 
big guns, the cannon tube is made use of; it is an 
aiming rifle inserted in the bore of a big gun (the 
one in the illustration is a 7.5-ifch with a one-inch 
tube). From this rifle are fired small projectiles 
weighing about half a pound. Practice is taken at 
targets towed by a launch. In the illustration, three 
small black targets are shown, and the gun-layer hav- 
ing been instructed to fire at the left-hand target, has 
just dropped a shot alongside it. The gunnery oficer 


THE *‘DREADNOUGHT” FIRING HER HEAVY 12-INCH GUNS AT A TARGET 7,000 YARDS OFF. 
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H. M. S. ‘‘DREADNOUGHT” FIRING HER 12-INCH GUNS. IN EIGHT MINUTES FORTY ROUNDS WKRE 
FIRED, OF WHICH TWENTY-SIX WERE HITS. 


Courtesy of Illustrated London News, 


At the foot of the loader, shown in the illustration, 
may be seen the projectiles, weighing each 100 
pounds, a dummy cylindrical charge representing 29 
pounds of service powder, the rammer, and the belt 
containing the electric tubes by means of which the 
gun is fired. 

The deflection teacher is another arrangement that 
greatly increases the expertness of gun-layers at a 
very slight expense. A rifle barrel is fixed on the 
gun near the breech, and is so arranged that it is 
fired by pressing the trigger of the gun itself. A 
long iron spar is pivoted above the gun just inside 
of the casemate, and can be moved about laterally. 
This, when operated by meens of the proper ropes 
or guys, represents a ship steaming past. A wood- 
en frame at the end of the spar holds a sheet of card- 
board upon which are painted small targets; then, 
while the spar is being moved about, the gun-layer 
inside. the casemate tries to keep his gun trained on 
the targets. When satisfied with his aim, he fires at 
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sitting on the top of the turret takes note, and prizes 
are awarded to the best shots. These prizes allowed 
to each ship for good shooting by the Admiralty are 
very generous; for example, a ship having a comple- 
ment of 636, receives $265 per year. 

The targets used measure 20 by 15 feet, and for 
individual ship practice are the miniature of those 
used at the annual battle practice recently completed 
by the ships of the Atlantic fleet. The range-finding 
instruments, worked by. an officer in telephonic com- 
munication with all the guns in the ship, are situated 
in the fighting top, half way up the mast. 


The railway which is to join Shanghai with Han- 


chow and Ningpo was opened as far as Sunkiang, a 
distance Of 24 miles, on the 20th April last for passen- 
‘ger and freight traffic. 
minutest detail has been carried out by Chinese. The 
whole of the permanent way and much of the rolling 
stock -was also supplied-from Chinese sources. Bridg- 


The whole scheme down to the 


ing and permanent way are said to be thoroughly 
sound. There is every probability of the line Proving 
a highly successful enterprise, as the district through 
which the railway runs is one of great agricultural 
wealth. 


THE MONSTER BATTLESHIP 
CONTROVERSY. 

Tuat the advent of the “Dreadnought” type of war. 
ship, with its greater speed and larger number of 
guns of maximum caliber, has profoundly altere | the 
aspect of naval construction is generally adm itted, 


4 
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THE LOADER, 


FIRING WITH CANNON TUBE AT MOVING 
TARGET. 


but the opinion of those most qualified by training 
and experience to judge the merits of the change is 
by no means unanimous. It is alleged by the oppo 
nents of the change either that the “Dreadnought” is 
not superior to the battleships immediately preceding 
her, or else, granting a slight superiority, it has beet 
purchased at too great a cost. There is a third view 
that the increase of size and cost was not justified by 
the naval situation generally or the teaching of experi 
ence; and that though it might be necessary at some 
future time to increase displacement in reply t» the 
efforts of foreign powers the step was not immediately 
necessary. In the arrangement of the details of 
design great variation is possible, and different naval 
architects will adopt different dispositions, according 
to their individuality and previous experience; but in 
the matter of size no such diversity can exist when 
the main features of armor, armament, speed, an: coal 
capacity have beef fixed. Each of these involves 
certain weight; they also necessarily involve a more 
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or (ess definite weignt of hull in which to carry them, 
and a strictly proportional weight of equipment. When 
all these have been added together a minimum dis- 
placement on which these qualities can be obtained is 
arrived at, and to attempt to solve the problem on 
jess than this minimum is as fruitless as the endeavor 
to compass the solution of the time-honored problem 
concerning @ quart and a pint pot. There are, of 
course, expedients which, as we pointed out in the 
consideration of the American naval report, can be 
adopted with a view of keeping down the displace- 
ment, but their use will result in the production of a 
design much better on paper than in the realization, 
and they must be ruled out in any dispassionate com- 
parison of types. Seeing that the offensive and de- 
fensive qualities of a ship are so directly connected 
with displacement, it follows that in comparing two 
designs, and granting the weights have been equally 
economically used in each case, the larger ship must 
in some or all these qualities be superior to the 
smaller. 

In order to sustain the first objection to the ‘“Dread- 
nought” type to which we referred, it is therefore 
necessary to show that the weights have not been 
ysed a® economically as in the previous types. Sir 
William: White, in his able article in the Nineteenth 
Centur’, while carefully stating that nothing which 
he has written should be taken as a criticism of the 
work c his successor in office, attacks the all-big-gun 
ship in general and the “Dreadnought” in particular; 
and in view of his disclaimer it would appear that 
the cor clusion which he desires to be drawn from his 
article s that it is impossible to produce a satisfactory 
design nvolving the all-big-gun principle. 

Sir \ illiam White points out that where heavy guns 
are ca! ‘ied at a great height above water, as they are 


increase has been minimized by the adoption of tur- 
bines, which, on account of their superior economy at 
full speed, have required, it is claimed, only 85 per 
cent of the boiler power which would have been neces- 
sary with reciprocating engines. In a similar way, if 
armor or armament, or both, are increased, weight of 
hull to carry them must be increased, and more engine 
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power must be provided if the speed is to be kept 
constant. The essential qualities of a ship as a fight- 
ing machine being thus so intimately related, the effect 
of an increase in one or more of them on the displace- 
ment is cumulative, and it must follow that less offen- 
sive and defensive power per ton of displacement can 
be obtained as the size is increased, In applying this 
general principle, however, due regard must be had to 
the successive improvements in material and in the 
design and economy of the propelling apparatus, which 
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in the “Dreadnought,” the center of gravity is raised; 
but figures will show whether the weight of the arma- 
ment is greater in the case of the “Dreadnought” in 
froportion to the displacement than in the “King Ed- 
ward.” We should imagine the percentage which this 
itm is of the total is not sensibly different in the two 
tases. There is the further consideration that the 
option of turbines has involved a considerable re- 
duction in the vertical position of the center of gravity 
machinery, and this will assist the architect in 
tither of three ways—enable a greater weight to be 
arried in a given position; or the same weight in a 
higher position, in neither case keeping the stability 
constant; or the same weight in the same position 
vith an increase of stability. In Sir William White’s 
lattleships the metacentric height was, we remember, 
kept at about 3% feet, and we believe the figure for 
the “Dreadnought” is not less, while it may be taken 
for granted that the customary calculations of the 
fability with various compartments bilged were car- 
tied out in the usual complete and exhaustive manner, 
id that provision was made for stability in a dam- 
¥ed condition to the same extent as has previously 
hen the practice. While, therefore, the adoption of 
the al} big-gun design is fairly open to debate from 
uilitary considerations, it does not appear that the 
“aten‘ion can be sustained that a satisfactory design 
vith this feature is impossible. 

With regard to the second objection to the “Dread- 
ught” type, it must be admitted that the increase 
“the qualities of offense and defense must result in 
grea‘ er proportionate increase of size and cost, and 
“no case is this so noticeable as in the matter of 
Med. On the same displacement, the power, and 
erefore the weight and cost of machinery, will go 
Yas the cube of the speed; but as an increase of. 
Wehinery weight must inevitably be accompanied by 
" addition to weight of hull, the increase of cost of 
Nechinery, keeping the other qualities of the ship 
‘stant, must go up at a greater rate than the cube 
the speed. In the case of the “Dreadnought” the 


DEFLECTION TEACHER. - 


may from time to time make improvement in fighting 
qualities possible without additional displacement. 
The second objection to the “Dreadnought” type, 
that the increase in size and cost is not commensurate 
with the gain in fighting qualities, must of necessity 
be true, but it ceases to have any weight if it can be 
shown that the enhanced qualities, whatever their 
magnitude, are necessary for the maintenance of our 
naval position. In the matter of number and caliber 
of guns the opinion of experts will be sure to differ, 
and had the “Dreadnought” been fitted with four 
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12-inch and twelve 9.2-inch, or four 12-inch and twenty 
6-inch instead of ten 12-inch, the criticism of increased 
size and cost would have still been made. 

The third objection, that the increase in size and 
cost was not justified by the naval situation generally 
or the teaching of experience, deserves much more re- 
spect than the others, and appears to have considerable 
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force. Unfortunately, or fortunately, from whichever 
point of view we look at it, there has been no impor- 
tant naval engagement in which modern ships have 
been involved with the single exception of the battle 
of Tsushima on May 27, 1905. The previous battle in 
the Russo-Japanese war on August 10, 1904, when the 
Port Arthur fleet tried to escape, was a relatively un- 
important affair. The advocates of the monster bat- 
tleship claim that the lessons of Tsushima support 
their case; but whether this be so or not, it is quite 
certain that the incidents of it could have had no direct 
bearing on the “Dreadnought” design. The Admiralty 
committee of design had completed its labors when 
Tsushima was fought, and the design must have been 
at that date in an advanced state, as this vessel was 
laid down a few months later. It is further known 
that owing to Japanese reserve reliable details were 
difficult to obtain, and did not begin to filter through 
for a long time after. The lessons of this fight are 
not so definite as they might have been, as the Rus- 
sians were so absolutely outclassed in gunnery, and 
the Japanese triumph was rather one of personnel and 
training than of material. So far as can be gathered 
from Capt. Semenoff’s account, the superior speed of 
the Japanese was not of noticeable tactical advantage. 
The speed of the Russian fleet is given at 10 knots, 
that of the Japanese at 15, but in spite of this superi- 
ority Admiral Togo did not succeed in his endeavor 
to cross the T of the Russian line, and the action was 
practically a broadside one throughout, the two fleets 
steaming roughly in concentric circles, the outer one 
having a radius of about five miles. The greater the 
range, the greater the advantage in speed required by 
the outside fleet; in fact, at the ranges at which it is 
generally conceded future actions will be fought, the 
superiority in speed required will be so great that it 
is questionable whether it is worth while attempting. 
It does not appear that had Admiral Togo had the 
“Dreadnought’s” speed he would have been able to 
make much, if any, better use of it than he did of 15 
knots. The damage to the Russian ships appears prin- 
cipally to have been caused by shell fire, and, as Sir 
William White points out, they were sunk mostly by 
penetration of the lightly protected ends, The “Oslia- 
bia” was sunk about an hour after the commencement 
of the fight by three consecutive shells striking just 
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above the waterline before the fore turret, making not 
a hole, but a “regular gateway.” This lesson is one 
of the strongest arguments against increase of dis- 
placement. It is only necessary for our present pur- 
pose to refer to one other detail of this fight. The 
Japanese 12-inch guns did not make such good shoot- 
ing as they might have done, as the bores were worn, 
and the shells could be seen turning somersaults in 
the air. It is well known that the effective life of a 
gun is smaller the greater the bore, and the effect of 
this when warlike operations are extended over a con- 
siderable period may be of vital importance, and it 
provides a strong argument for a return to the mixed 


armament. The Japanese appear, at any rate, not to 
be committed at present to the all-big-gun principle. 
The question, however, of all-big-gun or mixed arma- 
ment has very little bearing on displacement; the 
former will have a greater weight of shell per broad- 
side, but the latter will make up by rapidity of fire, 
and practically on a given displacement the weight 
discharged in one minute will be the same in each 
cage. 

We may leave this to the experts, but while it may 
be a matter for regret that the recent large increases 
in displacement have been made, the situation as it 
now is must be faced. We have made the pace in size, 
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and other nations are following as fast as their dock. 
yards can build, and it is now impossible to go back 
The situation of this country is peculiar, in that to wy, 
numbers of ships are essential, and it appears partic 
larly unfortunate that at a time when the tendency , 
for the national revenue to be diverted into ney, 
sources of expenditure, the cost of the individual ship 
has been so largely increased, thus making the proyj. 
sion of the necessary number of ships difficult. Thy 
matter is not one so much of design as of finance, ang 
it is the duty of responsible ministers to see that th 
necessary funds are forthcoming in order that we my 
maintain our position—The Engineer. 


THE MOVEMENTS OF PLANTS—I 


IS GROWTH THE RESULT OF MEMORY? 


BY FRANCIS DARWIN, M.A., 


In his book on “The Power of Movement in Plants” 
(1880) my father wrote that “it is impossible not to be 
struck with the resemblance between the foregoing 
movements of plants and many of the actions performed 
unconsciously by the lower animals.” In the previous 
year Sachs had in like manner called attention to the 
essential resemblance between the irritability of plants 
and animals. I give these statements first because of 
their simplicity and directness; but it must not be 
forgotten that before this Pfeffer had begun to lay 
down the principles of what is now known as Reiz- 
physiologie, or the physiology of stimulus, for which 
he and his pupils have done so much. The words of 
Darwin which I have quoted afford an example of the 
way in which science returns to the obvious, Here 
we find revived, in a rational form, the point of view 
of the child or of the writer of fairy stories. We do 
not go so far as the child: we know that flowers do not 
talk or walk; but the fact that plants must be classed 
with animals as regards their manner of reaction to 
stimuli has now become almost a commonplace of 
physiology, and, inasmuch as we ourselves are animals, 
this conception gives us a certain insight into the re- 
actions of plants which we should not otherwise pos- 
sess. This is, I allow, a very dangerous tendency, 
leading to anthropomorphism—one of the seven deadly 
sins of science. Nevertheless, it is one that must be 
used unless the great mass of knowledge accumulated 
by psychologists is to be forbidden ground to the 
physiologist. Jennings has admirably expressed the 
point of view from which we ought to deal with the 
behavior of the simpler organisms. He points out that 
we must study their movements in a strictly objective 
manner—that the same point of view must be applied 
to man, and that any resemblances between the two 
sets of phenomena are not only an allowable, but a 
necessary, aid to research. What, then, are the essen- 
tial characters of stimuli and of the reactions which 
they call forth in living organisms? Pfeffer has stated 
this in the most objective way. An organism is a ma- 
chine which can be set going by touching a spring or 
trigger of some kind—a machine in which energy can 
be set free by some kind of releasing mechanism. Here 
we have a model of at least some of the features of re- 
action to stimulation. The energy of the cause is gen- 
erally out of all proportion to the effect—i. e., a small 
stimulus produces a big reaction. The specific charac- 
ter of the result depends on the structure of the ma- 
chine rather than on the character of the stimulus. 
The trigger of a gun may be pulled in a variety of 
different ways without affecting the character of the 
explosion. Just in the same way, a plant may be made 
to curve by altering its angle to the vertical, by lateral 
illumination, by chemical agency, and so forth. The 
curvature is of the same nature in all cases; the re- 
lease action differs. One of those chains of wooden 
bricks in which each knocks over the next may be set 
in action by a touch, by throwing a ball, by an erring 
dog—in short, by anything that upsets the equilibrium 
of brick No. 1; but the really important part of the 
game, the way in whicu the wave of falling bricks 
passes like a prairie fire round a group of Noah’s Ark 
animals, or by a bridge over its own dead body, and 
returns to the starting-point, etc.—these are the result 
of the magnificent structure of the thing as a whole, 
and the upset of brick No. 1 seems a small thing in 
comparison. For myself, I see no reason why the term 
“stimulus” should not be used in relation to the ac- 
tion of mechanisms in general; but, by a convention 
which it is well to respect, “stimulation” is confined 
to the protoplasmic machinery of living organisms. 
The want of proportion between the stimulus and the 
reply, or, as it has been expressed, fhe unexpectedness 
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of the result of a given stimulus, is a striking feature 
in the phenomena of reaction. That this should be 
so need not surprise us. We can, as a rule, know only 
the stimulus and the response, while the intermediate 
processes of the mechanism are hidden in the secret 
life of protoplasm. We might, however, have guessed 
that big changes would result from small stimuli, since 
it is clear that the success of an crganism in the world 
must depend, partly at least, on its being highly sensi- 
tive to changes in its surroundings. This is the 
adaptive side of the fundamental fact that living proto- 
plasm is a highly unstable body. Here I may say one 
word about the adaptation as treated in the “Origin of 
Species.” It is the present fashion to minimize or 
deny altogether the importance of natural selection. I 
do not propose to enter into this subject: I am con- 
vinced that the inherent strength of the doctrine will 
insure its final victory over the present anti-Darwinian 
stream of criticism. From the Darwinian point of 
view, it would be a remarkable fact if the reactions of 
organisms to natural stimuli were not adaptive. That 
they should be so, as they undoubtedly are, is not sur- 
prising. But just now I call attention only to the 
adaptive character of reactions from a descriptive point 
of view. Hitherto I have implied the existence of a 
general character in stimulation without actually nam- 
ing it—I mean the indirectness of the result. This 
is the point of view of Dutrochet, who in 1824 said 
that the environment suggests, but does not directly 
cause, the reaction. It is not easy to make clear in a 
few words the conception of indirectness. Pfeffer 
employs the word “induction,” and holds that external 
stimuli act by producing internal change, such changes 
being the link between stimulus and reaction. It may 
seem, at first sight, that we do not gain much by this 
supposition; but, since these changes may be more or 
less enduring, we gain at least the conception of 
after-effect as a quality of stimulation. What are known 
as spontaneous actions must be considered as due to 
internal changes of unknown origin. It may be said 
that in speaking of the “indirectness” of the response 
to stimuli we are merely expressing in other words the 
conception of release-action—that the explosion of a 
machine is an indirect reply to the touch on the trig- 
ger. This is doubtless true; but we possibly lose some- 
thing if we attempt to compress the whole problem into 
the truism that the organism behaves as it does because 
it has a certain structure. The quality of indirectness 
is far more characteristic of an organism than of a 
machine, and to keep it in mind is more illuminating 
than a slavish adherence to the analogy of a machine. 
The reaction of an organism depends on its past his- 
tory; but, it may be answered, this is also true of a 
machine the action of which depends on how it was 
made, and, in a less degree, on the treatment it has 
received during use. But in living things this last 
feature in behavior is far more striking, and in the 
higher organisms past experience is all-important in 
deciding the response to stimulus. The organism is a 
plastic machine, profoundly affected in structure by its 
own action, and the unknown process intervening be- 
tween stimulus and reaction (on which the indirect- 
ness of the resp depends) must have the fullest 
value allowed it as a characteristic of living creatures. 

For the zoological side of biology, a view similar to 
that of Pfeffer has been clearly stated by Jennings in 
his admirable studies on the behavior of infusoria, 
rotifers, etc. He advances strong arguments against 
the theories of Loeb and others, according to which the 
stimulus acts directly on the organs of movement—a 
point of view which was formerly held by botanists, 
but has since given place to the conception of the 
stimulation acting on the organism as a whole. Un- 
fortunately for botanists, these movements are by the 
zoologists called tropisms, and are thus liable to be 
confused with the geotropism, heliotropism, etc., of 


LL.D., 


F.R.S. 


plants. To these movements, which are not considered 
by botanists to be due to direct action of stimuli, Loeb 
assumptions do not seem to be applicable. Jet nings§ 
position is that we must take into consideration what 
he calls “physiological state—i. e., ‘the varying i:ternaj 
physiological conditions of the organism as distip 
guished from permanent anatomical condi'‘ions’” 
Though he does not claim novelty for his view, I am 
not aware that it has ever been so well state. Ey 
ternal stimuli are supposed to act by alteriig this 
physiological state—that is, the organism is tempo 
rarily transformed into what, judged by its re:ctions, 
is practically a different creature. This may be illu 
trated by the behavior of Stentor, one of the fixed in 
fusoria, If a fine jet of water is directed against the 
disk of the creature, it contracts “like a flash” into its 
tube. In about half a minute it expands again, and 
the cilia resume their activity. Now we cause the 
current to act again upon the disk. This time the 
Stentor does not contract, which proves that the ani 
mal has been in some way changed by the first stimulus, 
This is a simple example of “physiological state.” 
When the Stentor was at rest, before it received the 
first current of water, it was in state 1; the stimulus 
changed state 1 into state 2, to which contraction is 
the reaction; when again stimulated it passed into 
state 3, which does not produce contraction. We car 
not prove that the contraction which occurred when 
the Stentor was first stimulated was due to a change 
of state; but it is a fair deduction from the result of 
the whole experiment, for after the original reaction 
the creature is undoubtedly in a changed state. since 
it no longer reacts in the same way as to a repeti- 
tion of the original stimulus. Jennings points out 
that, as in the case of plants, spontaneous avts are 
brought about when the physiological state is clanged 
by unknown causes, whereas in other cases we cal 
point to an external agency by which the same result 
is effected. 
MORPHOLOGICAL CHANGES. 

Let us pass on to the consideration of the permanent 
or morphological changes and the stimuli by which 
they are produced—a subject to which, in recent years, 
many workers have devoted themselves. I necd only 
mention the names of Vichting, Goebel, and Klebs 
among botanists, and those of Loeb, Herbst, ané 
Driesch among zoologists, to remind you of the tyr 
of research to which I refer. These morphological 
alterations produced by changes in environment have 
been brought under the rubric of reaction to stimult 
tion, and must be considered as essentially similar © 
the class of temporary movements of which I have 
spoken. The very first stage in development may be 
determined by a purely external stimulus, T/ius the 
position of the first cell-wall in the developing spore o 
Equisetum is determined by the direction of incidem 
light. In the same way, the direction of light st 
tles the plane of symmetry of Marchantia as it dé 
velops from the gemma. But the more interestilé 
cases are those where the presence or absence of 4 
stimulus makes an elaborate structural difference i 
the organism. Thus, as Stahl has shown, beec!: leave 
developed in the deep shade of the middle of the tre 
are so different in structure from leaves grown in full 
sunlight that they would unhesitatingly be d¢ scribed 
as belonging to different species. Another wel!-know! 
case is the development of the scale-leaves on the 
rhizome of Circwa into the foliage leaves under th 
action of light. The power which the experimenter ba 
over the lower plants is shown by Klebs, w/o kept 
Saprolegnia mizta, a fungus found on dead ‘lies, ™ 
uninterrupted vegetative growth for six years: while 
by removing a fragment of the plant and cultiv.ting * 
in other conditions the reproductive organs could a 


any time be made to appear. Chlamydomonas medit. 
@ unicellular green alga, when grown in a 0.4 per cent 
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ir dock, putrient solution continues to increase by simple di- 
&0 back yision, but conjugating gametes are formed in a few 
at tom days if the plant is placed in pure water and kept in 
Partin  pright light. Numberless other cases could be given 
dency jg of the regulation of form in the lower organisms, Thus 
nto ney gporodinia grown on peptone-gelatine produces spor- 
‘ual ship HH pangiferous hypha, but on sugar zygotes are formed. 
Le Prov. again, Protosiphon botryoides, if grown on damp clay, 
lt. The san most readily be made to produce spores by trans- 
nee, and ference to water either in light or in darkness. But 
that the for the same plant cultivated in Knop’s solution the 
We May # ond can best be obtained by placing the culture in the 


dark. Still these instances of the regulation of repro- 
duction are not so interesting from our point of view 
as some of Klebs’s later results. Thus he has shown 
that the color of the flower of Campanula trachelium 
can be changed from blue to white and back again to 
blue by varying the conditions under which the plant 
js cultivated. Again, with Sempervivum he has been 
able to produce striking results—e, g., the formation 
of apetalous flowers with one instead of two rows of 
stamens. Diminution in the number of stamens is a 
@mmon occurrence in his experimental plants, and 
absolute loss of these organs also occurs. Many other 
anormalities were induced, both in the stamens and 
in other parts of the flowers. There is nothing new 
in the ‘ haracter of these facts; what has been brought 


n sidered 
i. Locks ia light (principally by the work of Klebs) is the 
nningss degree ‘0 which ontogeny is controllable. We are so 
on what much i: the habit of thinking of the stable element in 
internal ontoge: y that the work of Klebs strikes us with some- 
distin: thing ashock. Most people would allow that change 
ition!” of forn: is ultimately referable to changed conditions, 
wo la but many of us were not prepared to learn the great 
ed. Bb import.nce of external stimuli in ontogeny. Klebs 
ing this begins by assuming that every species has a definite 
+ tempo specifi structure, which he compares to chemical char- 
exctions ater. Just as a substance such as sulphur may assume 
be illw differe:'t forms under different treatment, so he as- 
fixed in jy mmes ‘hat the specific structure of a plant has certain 
‘inst the potentiulities which may be brought to light by ap- 
into its propri:te stimuli. He divides the agencies affecting 
ain, end the stricture into external and internal conditions, the 
use external being supposed to act by causing alterations 
ime ti in the internal conditions. It will be seen that the 
the ask scheme is broadly the same as that of Pfeffer for the 
timulus, of the movement and other temporary reactions. 
state” The in‘ernal conditions of Klebs correspond also to the 
ived the ‘physiological state” of Jennings. From what has 


gone before, it will be seen that the current conception 
of stimulus is practically identical whether we look at 


stimulus 


6 a the phenomena of movement or those of structure, If 
We op this is allowable—and the weight of evidence is 
dd whe strongly in its favor—a conclusion of some interest 
change follows. If we reconsider what I have called the in- 


directness of stimulation, we shall see that it has a 
vider bearing than is at first obvious. The “internal 
wondition” or “physiological state” is a factor in the 
regulation of the organism’s action, and it is a factor 
vhich owes itg character to external agencies which 
bay no longer exist. The fact that stimuli are not 
homentary in effect but leave a trace of themselves on 
the organism is in fact the physical basis of the 
phenomena grouped under memory in its widest sense 
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e s indicating that action is regulated by past experi- 
fice. Jennings remarks: “In the higher animals, and 
! t ‘pecially in man, the essential features in behavior 
a tepend very largely on the history of the individual; 
y other words, upon the present physiological condi- 
ae tion of the individual, as determined by the stimuli 
thas received and the reactions it has performed. 
— But in this respect the higher animals do not differ 
ad type a principle, but only in degree, from the lower organ- 
ological ms. . . .” IT venture to believe that this is true 
nt ian plants as well as of animals, and that it is further 
ctimel boadly true not only of physiological behavior, but 
nile to the changes that are classed as morphological. 
- aa ‘mon in his interesting book, “Die Mneme,” has used 
a be ie word Engram for the trace or record of a stimulus 
‘nus the kit on the organism. In this sense we may say that 
of fe internal conditions of Pfeffer, the physiological 
7 st Mates of Jennings, and the internal conditions of Klebs 
a ex are, broadly speaking, Engrams. The authors of these 
tories may perhaps object to this sweeping state- 
orestifg tent, but I venture to think it is broadly true. The 
fi tet that in some cases we recognize the chemical or 
* in tysical character of the internal conditions does not 
ee any means prevent our ascribing a mnemic memory- 
nal tree le character to them, since they remain causal agen- 
in fall "8 built up by external conditions which have, or 
aes bed May have, ceased to exist. Memory will be none the 
— memory when we know something of the chem- 
and physics of its neural concomitant. 
der the HABIT ILLUSTRATED BY MOVEMENT. 
ne In order to make my meaning plain as to the exis- 
em: | of a mnemic factor in the life of plants, I shall 
~~ the moment leave the morphological side of life 
7 it a give an instance of habitual movement. Sleeping 
| _ Pants are those in which the leaves assume at night 
vould sition markedly different from that shown by day. 
— NS the leaflets of the scarlet-ruaner (Phaseolus) are 


re or less hor.zontal by day and sink down at night, 


“or a bit of seaweed washed against it. 
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This change of position is known to be produced by the 
alternation of day and night. But this statement by 
no means exhausts the interest of the phenomenon. A 
sensitive photographic plate behaves differently in light 
and darkness; and so does a radiometer, which spins 
by day and rests at night. If a sleeping-plant is placed 
in a dark room after it has gone to sleep at night, it 
will be found next morning in the light position, and 
will again assume the nocturnal position as evening 
comes on. We have, in fact, what seems to be a habit 
built by the alternation of day and night. The plant 
normally drops its leaves at the stimulus of darkness 
and raises them at the stimulus of light. But here 
we see the leaves rising and falling in the absence of 
the accustomed stimulation. Since this change of 
position is not due to external conditions it must be 
the result of the internal conditions which habitually 
accompany the movement. This is the characteristic 
par excellence of habit—namely, a capacity, acquired 
by repetition, of reacting to a fraction of the original 
environment. We may express it in simpler language. 
When a series of actions are compelled to follow each 
other by applying a series of stimuli they become 
organically tied together, or associated, and follow each 
other automatically, even when the whole series of 
stimuli are not acting. Thus in the formation of habit 
post hoc comes to be equivalent to propter hoc. Action 
B automatically follows action A, because it has re- 
peatedly been compelled to follow it. This may be 
compared with Herbert Spencer’s description of an 
imaginary case, that of a simple aquatic animal which 
contracts its tentacles on their being touched by a fish 
If such a 
creature is also sensitive to light the circumstances 
under which contraction takes place will be made up 
of two stimuli—those of light and of contact—follow- 
ing each other in rapid succession. And, according 
to the above statement of the essential character of 
associative habit, it will result that the light-stimulus 
alone may suffice, and the animal will contract with- 
out being touched. Jennings has shown that the basis 
of memory by association exists in so low an organism 
as the infusorian Stentor. When the animal is stimu- 
lated by a jet of water containing carmine in sus- 
pension, a physiological state A is produced, which, 
however, does not immediately lead to a visible reac- 
tion. As the carmine stimulus is continued or re- 
peated, state B is produced, to which the Stentor re- 
acts by bending to one side. After several repetitions of 
the stimulus, state C is produced, to which the animal 
responds by reversing its ciliary movement, and C final- 
ly passes into D, which results in the Stentor contract- 
ing into its tube. The important thing is that after 
many repetitions of the above treatment the organism 
“contracts at once as soon as the carmine comes in 
contact with it.” In other words, states B and C are 
apparently omitted, and A passes directly into D, i. e., 
into the state which gives contraction as a reaction. 
Thus we have in an infusorian a case of short-circuit- 
ing precisely like the case which has been quoted from 
Herbert Spencer as illustrating association. But Jen- 
nings’s case has the advantage of being based on actual 
observation. He generalizes the result as the “law of 
the resolution of physiological states” in the following 
words: “The resolution of one physiological state into 
another becomes easier and more rapid after it has 
taken place a number of times.” He goes on to point 
out that the operation of this law is seen in the higher 
organisms, “in the phenomena which we commonly 
call memory, association, habit formation, and learn- 
ing.” In spite of this evidence of mnemic power in 
the simplest of organisms, objections will no doubt be 
made to the statement that association of engrams can 
occur in plants. Pfeffer, whose authority none can 
question, accounts for the behavior of sleeping plants 
principally on the more general ground that when any 
movement occurs in a plant there is a tendency for it 
to be followed by a reversal—a swing of the physio- 
logical pendulum in the other direction. Pfeffer com- 
pares it to a released spring which makes several 
alternate movements before it settles down to equilib- 
rium. But the fact that the return movements occur at 
the same time-intervals as the stimuli is obviously the 
striking feature of the case. If the pendulum-like 
swing always tended to occur naturally in a twelve 
hours’ rhythm it would be a different matter. But 
Pfeffer has shown that a rhythm of six hours can 
equally well be built up. And the experiments of Miss 
Pertz and myself show that a half-hourly or quarter- 
hourly rhythm can be produced by alternate geotropic 
stimulation. We are indebted to Keeble for an interest- 
ing case of apparent habit among the lower animals. 
Contoluta roscoffensis, a minute, worm-like creature 
found on the coast of Brittany, ieads a life dependent 
on the ebb and flow of the sea. When the tide is out 
the Convoluta come to the surface, showing themselves 
in large green patches. As the rising tide begins to 
cover them they sink down into safer quarters. The 
remarkable fact is that when kept in an aquarium, and 
therefore removed from tidal action, they continue 
for a short time to perform rhythmic movements in 
time with the tide. Let us take a human habit, for 
instance that of a man who goes a walk every day 


and turns back at a given mile-post. This becomes 
habitual, so that he reverses his walk automatically 
when the limit is reached. It is no explanation of 
the fact that the stimulus which makes him start from 
home includes his return—that he has a mental return- 
ticket. Such explanation does not account for the 
point at which he turns, which as a matter of fact is 
the result of association. In the same way a man who 
goes to sleep will ultimately wake; but the fact that he 
wakes at four in the morning depends on a habit built 
up by his being compelled to rise daily at that time. 
Even those who will deny that anything like associa- 
tion can occur in plants cannot deny that in the con- 
tinuance of the nyctitropic rhythm in constant condi- 
tions we have, in plants, something which has general 
character of habit, i. e., a rhythmic action depending 
on a rhythmic stimulus that has ceased to exist. On 
the other hand, many will object that even the simplest 
form of association implies a nervous system. With 
regard to this objection it must be remembered that 
plants have two at least of the qualities characteristic 
of animals—namely, extreme sensitiveness to certain 
agencies and the power of transmitting stimuli from 
one part to another of the plant body. It is true that 
there is no central nervous system, nothing but a com- 
plex system of nuclei; but these have some of che 
qualities of nerve cells, while intercommunicating 
protoplasmic threads may play the part of nerves. 
Spencer bases the power of association on the fact 
that every discharge conveyed by a nerve “leaves it in 
a state for conveying a subsequent like discharge with 
less resistance.” Is it not possible that the same thing 
may be as true of plants as it apparently is of in- 
fusoria? We have seen reasons to suppose that the 
“internal conditions” or “physiological states” in plants 
are of the nature of engrams, or residual effects of 
external stimuli, and such engrams may become asso- 
ciated in the same way. There is likely to be another 
objection to my assumption that a simple form of 
associated action occurs in plants—namely, that asso- 
ciation implies consciousness, It is impossible to know 
whether or not plants are conscious; but it is consistent 
with the doctrine of continuity that in all living things 
there is something psychic, and if we accept this point 
of view we must believe that in plants there exists a 
faint copy of what we know as consciousness in our- 
selves. I am told by psychologists that I must define 
my point of view. I am accused of occupying that un- 
scientific position known as “sitting on the fence.” 
It is said that, like other biologists, I try to pick out 
what suits my purpose from two opposite schools of 
thought—the psychological and the physiological! 
What I claim is that, as regards reaction to environ- 
ment, a plant and a man must be placed in the same 
great class, in spite of the obvious fact that as regards 
complexity of behavior the difference between them is 
enormous. I am not a psychologist, and I am not 
bound to give an opinion as to how far the occurrence 
of definite actions in response to stimulus is a physio- 
logical and how far a psychological problem. I am 
told that I have no right to assume the neural series 
of changes to be the cause of the psychological series, 
though I am allowed to say that neural changes are 
the universal concomitants of psychological change. 
This seems to me, in my ignorance, an unsatisfactory 
position. I find myself obliged to believe that the 
mnemic quality in all living things (which is proved 
to exist by direct experiment) must depend on the 
physical changes in protoplasm, and that it is there- 
fore permissible to use these changes as a notation in 
which the phenomena of habit may be expressed. 
(To be continued.) 
FEVER IN PLANTS. 

ANIMALS and plants form two diverging branches of 
the tree of life and their vital phenomena are essen- 
tially identical. Both inhale oxygen and exhale carbon 
dioxide produced by the oxidation of carbonaceous 
matter. In plants, however, a process of deoxidation 
also takes place, the carbon dioxide of the atmosphere 
being resolved, with the aid of sunshine and chlo- 
rophyl, into carbon, which is used in the formation 
of organic compounds, and oxygen, of which the great- 
er part is exhaled and a small portion is consumed in 
the process of oxidation mentioned above. 

Plants appear to possess organs of sense and at least 
as much “mind” as the lowest animal organisms. 
They sleep, are narcotized by chloroform and ether, 
and are subject to many infectious diseases. Finally, 
plants are subject to fever, in which, however, the 
elevation of temperature is usually so slight that it 
can be detected only by the most delicate methods of 
investigation. 

The body temperature of marine turtles is nearly 2 
deg. F., and that of the tunny, a large fish protected 
by a thick layer of fat, is from 7 to 18 deg. F. 
higher than that of the surrounding water, but small 
fishes and most “cold blooded” animals have a temper- 
ature so near that of their environment that the differ- 
ence cannot be detected. In most plants, likewise, the 
vital processes are not sufficiently active to maintain 
a temperature measurably higher than that of the air, 
but there are some notable exceptions to this rule, Ip 
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winter tne trunks of trees are warm enough to melt 
the snow around them, and early in spring the Alpine 
soldenella pushes its delicate flower buds through the 
snow, which is melted by the heat developed in the 
process of respiration and oxidation which is going on 
in the buds. Respiration and oxidation are especially 
active in sprouting seeds, as is proved by the great 
quantity of heat evolved in malting vats in breweries. 
These processes are equally active in opening flower 
buds. The flowers of the blue bell, gentian, and aconite 


THE 


GERMANY'’S NON-RIGID MILITARY DIRIGIBLE. 


Tue Parseval airship is of the non-rigid type, in 
which the requisite degree of rigidity is obtained by 
the pressure of ballonets, or auxiliary bags, filled with 
compressed air. The rigid parts have been made as 
few and as small as possible, in order to facilitate 
transportation. The new Parseval airship is 190 feet 
long and 30% feet in diameter. Its cubic capacity is 
about 113,000 cubic feet, and its lifting power exceeds 
3% tons. The envelope is made of two thicknesses 
of cotton cloth with an inside coating of India rub- 
ber. There are two ballonets, one at each end, and 
the valves are so arranged that the pressure in either 
ballonet can be increased independently of the other, 
during flight, thus depressing the bow or stern by 
the weight of the added air. The airship being thus 
thrown into an inclined position acts as a kite and 
can be moved and maintained several hundred feet 
above or below its level of equilibrium, without sac- 
rificing ballast or gas. The air pumps can be oper- 
ated either by the motor or by hand. The form of 
the old Parseval airship was a cylinder with hemi- 
spherical ends, but the new vessel is shaped like a 
fish, having its greatest diameter near the bow. The 
experiments of Prof. Prandtl have proved that this 
form gives a minimum air resistance, and it is sup- 
posed to give greater stability as well. 

The new airship has a Daimler motor of 100 horse- 
power. The propeller is made of envelope material 
mounted on aluminium frames. The peculiar feature 
of this propeller is its flexibility when at rest. In 
motion it stiffens under the influence of centrifugal 


“force. Along the sides of the vessel extend steadying 


keels, composed of wooden frames supporting flat 
air bags, which have openings in front and are filled 
automatically during flight. One hundred gallons of 
gasoline suffice for a flight of ten hours. 

The car is suspended by cords and pulleys in such a 
manner that it remains horizontal, even when the 
body of the airship is in¢lined. The propeller, which 
has four blades and a diameter of 111 feet, is placed 
over the car. The combined weight of car, motor, 
water for cooling, and 137 gallons of gasoline is 2,860 
pounds. 

Still more important than the change in the sus- 
pension of the car is the improvement iv the motor. 
A German society for the improvement of airships 
(Motor-Luftschiff-Studien-Gesellschaft) offered for the 
year 1908 two prizes, for motors for airships of 113,000 
and 159,000 cubic feet capacity. The competition was 
confined to German firms, and the prize for the smaller 
type was awarded to the 100-horse-power Daimler 
motor, which is used in the new Parseval airship. 


are from 3 to 7 deg. F., those of the South Amerl- 
ean Victoria regia 18 to 25 deg. F., and those of 
the arum 23 to 45 deg. F. warmer than the sur- 
rounding air. This evolution of heat, however, is 
greatest in hot climates, attaining a maximum at an 
external temperature of 75 to 85 deg. F. 

In plants, as in animals, wounds bleed, heal, and 
leave scars, and in the conflict with invading microbes 
the metabolism may become so active as to cause fe- 
ver, at first local and then more or less general. 


tinuous operation during ten hours was made the 
minimum requirement, and the new Daimler has often 
been run continuously for twenty-four hours. All im- 
portant parts are accessible from one side of the 
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American botanists have recently discovered, wit) 
aid of a thermo-electrical apparatus sensitive to 1 H 
deg. F., that cutting a potato causes a local rig 
temperature that attains a maximum in 24 hours 
thereafter gradually subsides. A wounded oniop 
velops a still higher fever, which is not, as ip, 
potato, confined to the vicinity of the wound, but, 
tends throughout the bulb. The complete results 
these experiments, which have only been commen, 
will be awaited with eager interest—Prometheug 
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IMPROVED PARSEVAL AIRSHIDPE::::' 
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In a recent flight the Parseval airship romaiy pout 150 E 
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THE CAR OF THE PARSEVAL AIRSHIP. 


metor, which leaves little to be desired in ease of 
inspection and operation and steadiness of action. 

Reduction of weight was a secondary consideration, 
the V-cylinder type being-expressly excluded from the 
competition; but weight has been saved by making 
only the inner walls of iron and the jacket of sheet 
copper. The shaft and its housing are of bronze and 
aluminium. There are six vertical cylinders and three 
carbureters, each of which serves two cylinders. Ow- 
ing to this innovation, the aspiration tubes are very 
short, and the resistance always the same, but the 
principal advantage is that four cylinders can con- 
tinue in action when a cylinder or a carbureter is dis- 
abled. The cooling is by water supplied by a centrifu- 
gal pump, the lubrication is automatic, and the igni- 
tion is furnished by a high-voltage dynamo. At 1,300 
revolutions per minute the motor develops from 100 
to 120 horse-power, but the speed can be raised to 
1900 revolutions, and the power correspondingly in- 
creased. The weight of the motor, including the fly 
wheel, carbureters, magnet, pump, and connections, is 
770 pounds. It can be started by hand or by air com- 
pressed by the motor itself. The igniter can be 
changed in 40 seconds while the motor is running. 
The consumption of fuel and oil is very small. A 
flight of 340 miles in twelve hours can be made with- 
out refilling the gasoline tank. 


THE PARSEVAL AIRSHIP IN FLIGHT. 


In the construction of this motor especial attention 
was given to accessibility of parts and certainty of 
action. In these respects the new motor is very 
superior to most French light motors, which often 
become overheated and stop in a few minutes and 
are rapidly worn out by friction. The Antoinette 
motors, for example, require extensive repairs, in- 
cluding renewal of valves and even cylinders, after 
eight or ten flights. In the German competition con- 


The new Parseval airship made its first flight on 
August 14. In the second of these flights it remained 
aloft two and one-half hours and traveled 54 2/3 miles. 
On the following day it made a third ascent, and suf- 
fered a slight injury in landing. On August 20 the 
Parseval airship and the Basenad army balloon rose 
from Tegel, proceeded to Berlin, sailed together down 
the avenue Unter den Linden, and returned to the 
starting point, 


panions alighted on a roof without injury. — 
lated from Umschau. 


GASES IN UPPER AIR. 

M. TrEISSERENC DE Bort, whose work in the study 
the atmosphere is well known, has been making ob 
servations upon the presence of rare gases in th 
upper air, especially of argon, neon, and helium. Th 
air is taken by means of “sounding balloons’ whid 
are sent up to great heights and have an automatit 
device for taking a portion of air. The experiment 
were made to see the difference between the lower 
and the upper air in this respect, seeing that the lower 
parts of the atmosphere are stirred up by air currents, 
while the upper portions are formed of independent 
strata or superposed currents. As the usual soundilg 


balloons are somewhat small, about 100 cubic yards, Fic. 1.- 
he wished to use a larger size and at the same timggPARCH ME 
secure a sample of air which should be perfectly pure. 
He therefore devised a new apparatus for collecting 

recovered f 
the air which has no stop-cocks, grease, or chemical a 
products. To this end he employs a glass tube (0 tients. His 
small bulb) which is closed at one end by a small Diary on 
sealed projection and at the other has the «rrange@, their fu 


ment for taking the air when at the required height ution. It 
At this end the tube is run out to a fine point whidg,,,, will 

is closed by the blowpipe after forming a vacuum it hleograph 
the interior. The tube is suspended and well prog. repeating 
tected. When arriving at the desired height, an ele we at the 1 
tro-magnetic device operated by the barometer is used ® parchme 
to break off the point of the tube so as to allow th 


The dest 
air to enter. A few minutes after this, a second chm, , notant 
tact sends current from a battery through a platinul per book 
wire surrounding the base of the pointed portion and interior is 
this melts the glass and thus seals the end of the tlt Bhiowiy mo, 
From the Trappes observatory he sent the balloons HM yin, water 
various heights up to 81% miles. All the samples 
a large proportion of argon. As to helium, it is o@,, bend | 
served by the spectroscope in samples ranging from ! ad appear 
to 6 miles. On the contrary, at 814 miles he could nt Hy, is « 
find the presence of helium. Neon is seen at all warped an 
heights. These observations have some bearing on 
rays which are found in the spectra of the aUro™iia 1. on, 


borealis. 


A CORRECTION. 


Tue article by Prof. E. A. Birge on “The ‘tespit® 
tion of an Inland Lake,” which appeared in tbe 
issues of the ScrentirFic AMERICAN SuppLEM©NT fo 
August 22 and 29, was reprinted from The Populal 
Science Monthly. We regret that proper credit W# 
not given. 


To find the weight of castings, multiply the cuble 
inches by 0.27 for iron, 0.29 for steel, and 0.30 ft 
prass. 
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ParcHMENT has been known for a very long time, 
mt it is not generally well known at present, for it 
] P nas fallen from its high estate and is used only, in a 
ery coarse form, for the backs and corners of ledgers 
od for similar purposes. Even university diplomas 
sre now engrossed on vegetable parchment, which is 
yariety of paper. 

Parchment is said to have been invented in Per- 
zamon, in Asia Minor (whence the name parchment) 
pout 15) B. C. as a substitute for Egyptian papyrus, 
ith which the learned men of Alexandria refused 
o supp'y their rivals in Pergamon. However this 
may be, it is certain that parchment was made very 
xtensiv ly at Pergamon soon after this epoch. The 
manufac'ure has always been empirical, for parch- 
ment wes supplanted by paper long before the modern 
jeveloprent of technical science began. 

It is ‘o be regretted that the properties of parch- 
ment are so little known, for on the knowledge of 
them dcpends the proper preservation of the literary 
and his’ »rical documents of past ages. Unfortunately, 
also, tl se treasures are not always well guarded. 
In 1904 the national library at Turin, Italy, was par- 
jally destroyed by fire and most of the fine parch- 
ments which it contained were reduced to a deplor- 
able condition, 

To th s disaster, however, we owe the only scientific 
study «f parchment that has ever been made. Dr. 
Guares: ii, professor of chemistry in the University of 
Turin, undertook the restoration of the parchments 
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teovered from the ruins. His work included re- 
‘arches on the inks and pigments used by the an- 
tients. His experiments were necessarily made on 
the very manuscripts which were to be restored, and 
© their further injury, notwithstanding every pre- 
ution. It is to be hoped that Prof. Guareschi’s re- 
fults will be carefully studied by librarians and 
klgographers, if only in order to avoid the necessity 
repeating such costly experiments, for all libraries 


chemical 
tube (or 
a small 
crrange 
height 
nt whic 
2cuum ia 
well pre 


, = bs te at the mercy of fire, which is far more destructive 
al the parchment than to paper. 
- jm The destruction of paper, even by an intense fire, 
platinus Sa notoriously tedious and difficult operation. A 
tien a Mper book does not warp in the flames, so that the 
ool pre Merior is protected by the outer pages and is very 
loses ® lowly affected. If the half-burned book is drenched 
vith water, as is apt to be the case in conflagrations, 
les sho" HE tte leaves, after they have been separated and dried, 
it ye te found to have regained their original form, size, 
5 free ot Md appearance. The effect of fire on a parchment 
ould a bok is altogether different. The volume becomes 
n a “arped and consequently the heat quickly reaches 
the interior. Furthermore, it is only necessary to 
e BUFO at parchment to 400 or 500 deg. F., or to heat it to 
50 deg. F. and then dash cold water upon it to pro- 
tue 2 contraction from which there is no recovery. 
The diminution of area sometimes exceeds 50 per 
A manuscript in this condition, although not 
in the “ally destroyed, is nearly always so deformed and 
as to be practically worthless. 
Popular Finally, the common belief that parchment is not 
dit was Mbject to putrefaction is quite erroneous. It does 
“Wt decay in ordinary conditions of temperature and 
Ymess ut it putrefies very ouickly after it has re- 
ne cuble warm for several days in conse- 
0.30 tor of @ ration. The parchment becomes 


and aticky im consequence of its partial conver- 
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HE RESTORATION OF PARCHMENT S. 


HOW THE DAMAGE WROUGHT BY FIRE MAY BE REPAIRED. 


BY EUGENE LEMAIRE. 


sion into gelatine. Holes then form, as illustrated in 
Fig. 1, and finally the sheet falls to pieces. 
Fortunately, conflagrations in libraries are of rare 


Fie, 4—A PAGE OF THE “ROMAN DE 
FLORIAMONT” DAMAGED BY FIRE. 


occurrence. In modern times there have been only 
two conspicuous examples in addition to that of Turin. 
The Cotton collection in the British Mtseum was par- 
tially burned in 1731, and 55,000 volumes were de- 


Fie. 2.—A PARCHMENT VOLUME CAKED AND 
VITRIFIED BY HEAT. 


stroyed by the fire which visited the Library of Con- 
gress at Washington in 1851. Of the 958 manuscripts 
which composed the Cotton collection, 114 were totally 
destroyed and 98 were injured. The damaged parch- 
ments were satisfactorily restored in 1824 by Forshall 


Fie. 6.—CHAMBER FOR SEPARATING CAKED 
PARCHMENTS BY MEANS OF WATER VAPOR 


and Madden, who did not, however, make public the 
method of restoration. Prof. Guareschi thinks that 
these parchments could not have been very seriously 


Fig. 5.—THE SAME PAGE AFTER 
RESTORATION, 


damaged, as they were kept for nearly a century after 

the fire and were then completely restored. 
Parchment is not subjected to any process analog- 

ous to tanning. 


It is made of the inner skin, which 


Fie. 3.—THE SAME VITRIFIED BOOK 


OPENED. 


is treated with milk of lime, dried on a stretching 
rame, and then scraped and rubbed with pumice 
stone for the purpose of removing all the fatty matter 
and making the skin thinner and softer. The last 
traces of grease are removed by dusting the inner 
surface with slaked lime and chalk. The parchment, 
if it is to be used for writing or drawing, is then rub- 
bed again with pumice and, finally, stiffened with 
starch paste. 

The fine parchment known as virgin parchment is 
made of sheepskin. Vellum is made of skins of un- 
born or still-born calves. Vellum is whiter, smoother, 
and more flexible than ordinary parchment and is 
almost transparent. In Japan a material intermedi- 
ate between leather and parchment is made of ox hide 
by a process of currying and drying. This produ«t, 
which is thick and yet supple, may be washed and is 
not subject to putrefaction, is employed in Germany 
in the manufacture of surgical and orthopedic band- 
ages. 

Although the process of tanning has formed the 
subject of recent scientific researches, the nature of 
the transformations by which skins are converted into 
ordinary leather, Japanese leather, parchment, and 
vellum is still unknown. 

Parchments recovered from the ruins of a burned 
building are either in solid masses which resemble 
horn and appear to be completely carbonized and 
vitrified (Fig. 2) or in detached leaves whic are 
usually wet and soiled with mud and soot (Fig. 4). 
The first thing to be done with the damaged parch- 
ments is to put them in such a condition that they 
can be preserved until their restoration can be under- 
taken. For this purpose it is usually sufficient to 
dry the parchments thoroughly and quickly by plac- 
ing them on metal gratings in an aspirator. If there 
is any danger of putrefaction occurring during the 
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drying process, the current of air is charged with 
formol vapor by heating the commercial 40 per cent 
solution of formol inside the aspiration chamber. If 
putrefaction has already commenced, it may be ar- 
rested instantly by immersing the parchment in alco- 
hol of 50 deg. Baumé, containing 2 or 3 per cent of 
earbolic acid. 

The vitrification of parchment is due to the partial 
transformation of the skin into gelatine under the 
influence of heat and pressure, and also, in some 
cases, to an incipient destructive distillation and the 
consequent formation of Dippel’s oil, a sort of animal 
tar which is far more adhesive than coal tar or wood 
tar, and is insoluble in benzine and alcohol. The tar 
may be softened and the leaves separated by soaking 
the mass in warm water, but this process is attended 
with the danger of washing off or blurring the inscrip- 
tions and illuminations. Better results are obtained 
by placing the mass, after its charred and hardened 
edges have been filed or scraped away, in a chamber 
filled with the vapor of water at from 70 to 85 deg. F. 
(Fig. 6). The process is slow and the conditions are 
very favorable to putrefaction, which must be care- 
fully guarded against. 

As each leaf is detached it is washed with warm 
water and a fine sponge and stretched in all directions 
to its original form and size. It is next laid be- 
tween sheets of blotting paper fastened by its edges 
to a frame by means of strips of thick cardboard and 
thumb tacks and allowed to dry in the air. Before 
it has become entirely dry, however, it is placed, with 
several other sheets, in one of the simple presses 
shown in Fig. 6, in order to make it perfectly plane. 
It is then exposed to the air until dry. 

After the leaf has been detached, all the subsequent 
operations can be performed in one day, if the out- 
door temperature is above 60 deg. F. Figs. 4 and 5, 
which represent the same leaf, before and after treat- 
ment, give an idea of the results obtainable by this 
method. The leaf here shown is from an old and un- 
published French manuscript, the “Roman de Floria- 
mont,” nearly all of which has been restored very 
satisfactorily. 

It is impossible, however, to obtain such results 
with sheets that have been heated above 400 or 500 
deg. F. or have been suddenly cooled by water from 
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a temperature ‘above 200 or 250 deg. F. In these 
cases the injury is almost irreparable. Sometimes 
one part of a sheet is found so greatly contracted that 
it cannot be stretched to its original dimensions, while 
the remainder, swollen by heat and moisture, falls 
into wrinkles that make the manuscript illegible when 
the sheet is flattened. The remedy in this case is to 
lay a cloth over the expanded part and press it with 
a hot iron until it becomes as much contracted as the 
rest. 

Some parchments can be stretched to double the 
area which they showed when found in the ruins. 
As no parchment, ancient or modern, that has not 
been damaged by fire can be stretched to this extent 
Prof. Guareschi concludes that these very extensible 
parchments have been greatly shrunken by pressure 
experienced during the conflagration. 

Parchment normally contains 18 or 20 per cent of 
water, not in chemical combination. When parch- 
ment is heated to a temperature lower than 260 deg. 
I’. it loses this water, all of which it regains, how- 
ever, on exposure to the air. When parchment is 
heated still higher it loses also part of its chemically 
combined water and in this case the loss is only par- 
tially made good, even by immersion in water, the de- 
ficiency being greater in proportion to the elevation 
of temperature. 

Sometimes the effect of fire and restorative treat- 
ment is to make parchment hard and brittle. Guar- 
eschi has softened such parchments by soaking them 
in weak solutions of hygroscopic salts. The best re- 
sults were obtained with slightly alkaline 1 per cent 
solutions of potash soap and potassium acetate. The 
soap solution has also a cleansing effect. 

Finally, the colors of faded ink and of some pig- 
ments can be restored by brushing with solution of 
tannin or ammonium sulphate. 

The red pigments found on old parchments are 
cinnabar (mercury sulphide) and minium (red oxide 
of lead). Cinnabar is comparatively little affected by 
the reducing action of the parchment and the gum 
Arabic in the ink, but a temperature of 410 deg. F. 
suffices to change characters written with minium 
from red to dull blue, owing to the reduction of the 
pigment of metallic lead. 

The ancient blue pigments usually consist of cop- 
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per salts and are often washed off by the water throw 
on the fire. 

It is difficult to distinguish antique from moden 
parchments. In general, antique parchment, incine, 
ated in a platinum crucible, yields a light and bulky 
mass of charcoal which burns readily, while moden 
parchment produces a smaller and denser mass, whig 
burns slowly. The best old parchments leave Very 
little ash when burned.. Some chemical change 
doubtedly takes place in parchment in the course ¢ 
time, for newly-made parchment is dissolved in typ 
days by 15 to 30 per cent solutions of nitric acid 
56 deg. Baumé, which have no effect upon old para 
ment that has not been injured by fire. 

In four months, with the aid of four assistants ay 
without interrupting his regular university wor, 
Prof. Guareschi restored to a fair and legible cond 
tion 3,000 sheets, constituting the greater part of th 
nanuscripts submitted to him. Yet his conclusion j 
pessimistic. He finds the work of restoration so cog. 
ly that he advises that injured parchments be fing 
examined by expert antiquarians and philolozists jp 
order to determine whether they are worth restoring 
Many old parchments are merely prayer books, with 
out illuminations, full of errors, poorly written, anj 
devoid of literary and artistic interest. 

The conclusion is that prevention is better tha 
cure. Our libraries, according to Prof. Guz:resehi, 
seem designed to invite destruction by fire. The com. 
partments and shelves are of wood, old and wom. 
eaten, which could easily be made fireproof or. better, 
replaced by iron, which would occupy less room with 
out increasing the weight. It is advisable to stor 
parchments in a room that can be absolutely close 
and thus protected from water, which is even more 
destructive than fire. In this room might be placed 
cylinders of liquid carbon dioxide, closed by fusible 
plugs which melt at 200 deg. F. The carbon (dioxide 
which is released when this temperature is attained 
would not only preserve the parchments from de 
struction, but would check the conflagration by its 
inability to support combustion and the intense cold 
produced in its vaporization and expansion. This er 
pedient has been found successful in preventing fires 
in coal stored in great quantities.—Translated for the 
ScientTiric AMERICAN SupPLEMENT from La Nature, 


THE PROBLEM OF THE ROTATION OF VENUS. 


DOES THE PLANET REALLY 


Tir planet Venus, always the brightest star in the 


heavens, occasionally shines with extraordinary bril- 
liancy. At Cherbourg in April, 1905, it appeared as 
a bright meteor of appreciable size and oval form— 
an effect which was partly due to the formation of a 
halo, 

Venus has often been seen in full daylight, and in 
1797 Napoleon, returning from his conquest of Italy, 
found the Parisian populace so absorbed in the con- 


of the beautiful planet—at high noon— 
that they had no eyes for him and his glittering 
retinue. On moonless nights Venus sometimes casts 
distinct shadows. 

The great brilliancy of Venus is due to its rela- 
tively small distance from the sun and the earth and 
to its great reflecting power. The albedo of Venus, 
or the ratio reflected to incident light, is 0.76. In 
other words, the planet reflects three-fourths of the 
sunlight that falls upon it, a proportion which is lit- 
tle exceeded by freshly fallen snow. This indicates 
that Venus is surrounded by a dense and cloudy at 
mosphere, and similar indications are given by the 
spectroscope. The strengthening of the tellurian lines 
in the red and the appearance of additional absorp- 
tion lines point to the existence of an atmosphere 
containing water vapor and generally similar to our 
own, but denser. 

The atmosphere of Venus, owing to its great refrac- 
tive power, sometimes appears as a luminous ring in 
transits of Venus. At the last transit, in 1882, this 
phenomenon was seen by many observers, both at 
the entrance of the planet upon the sun’s disk and at 
its emergence. At the Alleghany observatory Lang- 
ley and Keeler, using different telescopes, observed a 
broad bright area extending inward from the ring. 
In 1874 Lyman saw the crescent of Venus extended 
to form a closed ring five hours before the transit, 
and extended to 232 deg. three days later. These 
phenomena were unquestionably ‘due to refraction by 
the atmosphere of Venus. Lyman estimated this re- 
fraction as 54 minutes of arc. Hence it follows that 
the density of the atmosphere of Venus is 1.8 that of 
the earth’s atmosphere, which produces a refractive 


templation 
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displacement of 33 minutes. According to Maedlers 
calculations the atmosphere of Venus is 1.7 times as 
dense as ours. 

Hence we may regard as proved that Venus is sur- 
rounded by a dense atmosphere into which the sun’s 
rays do not penetrate to a depth sufficient to cause 
much loss by absorption—probably because they are 
reflected by opaque clouds. From this it follows that 
the markings which have been observed on the disk 
of Venus for centuries may be purely atmospheric 
and consequently that all estimates of the period of 
rotation that have been deduced from observations of 
the markings may be completely illusory. 

The markings of Venus are altogether different 
from those of any other planet. They are faint, in- 
distinct and apparently variable, for the drawings of 
Venus made by different observers are very unlike. 
Certain markings of Mars, on the contrary, have 
been seen and recognized for two hundred years, and 
even the spots and bands of Jupiter, which are prob- 
ably atmospheric, are less variable than the mark- 
ings of Venus. 

The first astronomer to observe any markings on 
Venus was Domenique Cassini, who discovered a 
bright spot in 1666. In the following year he dis- 
covered a second spot, which he observed for several 
months, during which it remained nearly stationary. 
From his observations of the spot he deduced a 
period of rotation of about 24 hours, an estimate 
which was reduced to 23 hours and 22 minutes in 
Jacques Cassini’s revision of his father’s work. On 
the other hand, Bianchini, who studied the planet 
in 1726-1727, dedueed from his observations a period 
of rotation equal to 24 days and § hours. 

Thus began the long and violent controversy in 
regard to the rotation of Venus. In the following 
century the question was decided, temporarily at 
least, by De Vico, in favor of the advocates of a short 
period. From more than 10,000 observations made 
between 1830 and 1841 De Vico computed a mean 
value of 23 hours, 21 minutes, and 23.93 seconds for 
the period of rotation of Venus. This value, further- 
more, agrees very closely with the period of 23 hours 


TURN? 


and 21 minutes deduced by Schroeter from observe 
tions of the deformation of the horns of Venus (178 
1793) and it has consequently been adopted by most 
treatises on astronomy. 

In 1890, however, belief in the short period was 
shaken by Schiaparelli’s discoveries. Before this, 
Schiaparelli had made the surprising announcement 
that the period of rotation of Mercury was equal to 
the period of its revolution about the sun, and he 
now asserted that the same law governed the motions 
of Venus. This statement was based on observations 
made in the winter of 1877-8, which showed that the 
bright spots then visible never varied their positions 
with respect to the terminator. Observations made 
in 1895 gave additional support to the view that 
Venus rotates on her axis in the period of her reve 
lution about the sun (225 days), and consequently 
always turns the same hemisphere toward thie sul, 
as the moon always presents the same face to us. 

This theory, which on its announcement rested 
solely on Schiaparelli’s authority, soon obtained inde 
pendent support. For example, the spots appeared 
in exactly the same positions in a drawing made bY 
Holden in Washington, 1877, and in one made WY 
Schiaparelli eight days earlier. A long period of rota 
tion had been indicated by observations made bY 
Vogel and Lohse in 1871. Schiaparelli’s theory bas 
obtained additional support from the observations of 
Perrotin, Tacchini, Terby, Mascari, and Cerulli, and 
‘it has apparently been completely confirmed by the 
observations made by Lowell at Flagstaff, Arizon 
in 1895-6. Lowell’s observations were made with 
24-inch objective and magnifying powers of 140 
300, and they were favored by a very clear sky and 
pure air. Lowell saw markings that have been see? 
by no other astronomer, before or since, but the most 
surprising thing about his discoveries is that he s4¥ 
no spots, but only bands or lines bearing a super 
ficial resemblance to the canals of Mars. The whole 
configuration remained unchanged for hours, which 
could not be the case if the period of rotation wer 
only 24 hours. Furthermore, the markings rem 
fixed relatively to the terminator. Lowell denies the 


existence 
certain ph 
ence of a 
As Low 
pling cana 
eoveries h 
opponents. 
map of Vi 
tory, alth 
some draw 
Many as 
dusions 0 
have adhe 
tion. Sch 
ously 
French as 
tions of Vi 
years, thor 
Cambridge. 
Paris. Ou 
to 1882. T 
the marki 
game 
the brixht 
high mour 
The obs 
porns of t 
to mounta 
announ: ed 
Venus. In 
appeared b 
planet sho. 
estimated 
Trouvelot 
of rota‘ion 
that two s 
Schiap: rell 
differing r 
the same oO 
Trou . elo 
and Stuyv: 
all of whe 
periods of 
Loes: har’ 
observation 
has also uy 
On the 
after 
indepen den 
of marking 
the calcula 
ings have 
by observe 
time. The 
made by St 
tir in Mun 
France ané 
ln. There 
tween near 
Nearly or 
drawings n 
It may b 
the rotatiol 
markings, | 
sider that | 
homen:. 
Sir Willi 
the greates' 
of the mar 
blurred, anc 
Mar the te 
farkness, b 
franescent 
the period 
Herschel 
mespheric ] 
ly any of 
tho were a 
‘peatedly 
lever, say 
Marking. 
Attempts 
ind difficull 
the aid of 
iso failed 
‘ luminous 
lated, on D 
the line 
tometer D 
Wry exact 
Method has 
“stars an 
Fraunhofer 
of the 
the reced 
Md when t 
limb. ' 
Muator was 
be about 
hee with 
spots. 
m's rings 


i 
‘ 


1908 
throw 
Moden 


inciney. 
nd bulky 
> Moden 
8S, which 
ave Very 
ange wp 
“OUTSe of 
in two 
> acid 
ld pared. 


ants ani 
Y Work, 
le condi. 
rt of the 
lusion 
SO Cost. 

be first 
Oxists ip 
‘estoring 
ks, with 
ten, and 


ter than 
reschi, 
The com- 
d worm. 
r. better, 
om with 
to store 
closed 
en more 
© placed 
y fusible 
| dioxide 
attained 
‘rom de 
1 by its 
nse cold 
This ex 
ing fires 
| for the 
ture, 


JS. 


observa 
s (178% 
by most 


iod was 
re this, 
neement 
equal to 
and he 
motions 
rvations 
that the 
positions 
made 
pw that 
er reve 
oquently 
he sun, 
us. 
rested 
ed inde 
ppeared 
nade by 
iade by 
of rota 
rade by 
ory has 
tions of 
li, and 
by the 
Arizona, 
with 
140 to 
sky and 
en seen 
he most 
he saw 


SerTeMBER 26, 1908. 


existence of clouds on Venus, although he finds in 
vertain phenomena of twilight evidence of the pres- 
ence of a very dense atmosphere. 

As Lowell also claimed to have seen lines resem- 
pling canals on the third satellite of Jupiter his dis- 
coveries have been rejected as optical illusions by his 
opponents. The configurations marked on Lowell's 
map of Venus have been seen at no other observa- 
tory, although they bear a distant resemblance to 
some drawings of Pontséré of Barcelona. 

Many astronomers have refused to accept the con- 
dusions of Schiaparelli, Perrotin and Lowell, and 
have adhered to the theory of a short period of rota- 
tion. Schiaparelli’s first announcement was vigor- 
ously disputed, soon after its publication, by the 
French astronomer Trouvelot. Trouvelot’s observa- 
tions of Venus extend over a period of nearly twenty 
years, those of the first seven years being made at 
Cambridge, U. S.. and the others at Meudon, near 
Paris. uring his residence at Cambridge, from 1875 
to 1882. Trouvelot pointed out seventeen changes in 
the markings which Schiaparelli, observing at the 
same poriod, regarded as fixed. Trouvelot regarded 
the brizht spots on the limb of the planet as very 
high mountains, rising above the atmosphere. 

The observed changes in the appearance of the 
horns of the crescent planet have also been ascribed 
to mountains. In the eighteenth century Schroeter 
announ‘ed the discovery of several mountains on 
Venus. In 1789 the southern horn of the crescent 
appeare| blunted and near it on the dark disk of the 
planet shone a bright peak, the height of which was 
estimaied by Schroeter as 117,000 feet, or 22 miles. 
Trouveiot deduced from his own observations a period 
of rota‘ion of about 24 hours. It is very remarkable 
that t.o such experienced and reliable observers as 
Schiap: relli and Trouvelot could be led to such widely 
differinz results from their frequent observations of 
the same object during the same period. 

Trou.elot’s contention was sustained by Niesten 
and S'uyvaert, Stanley Williams and Leo Brenner, 
all of whom deduced from their own observations 
periods of about 24 hours. 

Loes:hardt, after a critical examination of earlier 
observations and his own made in Hungary in 1890, 
jas also upheld the theory of rapid rotation. 

On ihe other hand, Wislicenus and Flammarion, 
after «xhaustive study of the subject, have arrived 
independently at the conclusion that all observations 
of markings are too uncertain to form a basis for 
the calculation of the period of rotation. The mark- 
ings have very seldom been drawn in the same way 
ty observers in different places, even at the same 
time. There is great similarity between a drawing 
nade by Stuyvaert in Brussels and one made by Ville- 
sir in Munich, and between one made by Rudaux in 
France and two made by Capt. Molesworth in Cey- 
ln. There are a few other strong resemblances be- 
tween nearly simultaneous drawings, but it is always 
nearly or quite impossible to identify a marking in 
trawines made at different times. 

It may be regarded as certain that the problem of 
the rotation of Venus cannot be solved by observing 
narkings, and this is not surprising when we con- 
sider that the markings are purely atmospheric phe- 
nomen. 

Sir William Herschel, who has justly been called 
the greatest observer of all time, doubted the reality 
the markings of Venus. He often observed faint, 
lurred, and variable spots on the crescent of Venus, 
mar the terminator, or boundary between light and 
larkness, but they appeared too indistinct and too 
fanescent to furnish data for the determination of 
the period of rotation or the position of the axis. 
Herschel! correctly regarded the markings as at- 
hespheric phenomena, but this view was not shared 
yy any of his contemporaries. Beer and Maedler, 
tho were also most excellent observers, studied Venus 
‘peatelly in 1833 and later years, but they rarely, 
fever, saw anything that deserved the name of a 
Marking, ; 

Attempts have been made to solve the interesting 
md difficult problem of the rotation of Venus with 
tte aid of the spectroscope, but these attempts have 
lo failed to give a positive result. The velocity of 
‘luminous body in the line of sight can be calcu- 
ted, on Doppler’s principle, from the displacement 
the lines of its spectrum. A movement of one 
tometer per second can be detected in this way by 
try exact measurement of the displacement. This 
tethod has been employed in determining the motions 
“stars and the period of rotation of the sun. The 
raunhofer lines are shifted slightly toward the red 
"d of the spectrum when the spectroscope is directed 
the receding limb of the sun, and toward the violet 
nd when the instrument is directed to the advanc- 
"g limb. Thus the velocity of rotation of the sun’s 
Muator was found by Vogel nearly forty years ago 
“be about 2 kilometers per second, in exact accord- 
Mee with the value obtained from observations of 
"1 spots. The proof that the inner parts of Sat- 
m™'s rings rotate more swiftly than the outer parts 


has recently been obtained by the same method. 

But when this method was applied to the rotation 
of Venus, it gave contradictory results. A period of 
rotation equal to 24 hours corresponds to an equato- 
rial velocity of 450 meters per second, and therefore 
to a difference of 900 meters per second between the 
velocities of the advancing and receding limbs. This 
difference is scarcely great enough to be detected by 
the spectroscopic method ‘as it is usually practised. 
Furthermore, the observations must be made when 
the entire illuminated hemisphere of the planet is 
turned toward the earth, and this occurs only at 
superior conjunction, when Venus is beyond the sun 
and at a very small angular distance from it. Hence 
the observations must be made in the brightest sun- 
light on a very clear day, and with the most perfect 
and delicate of instruments. The attempt was first 
made by the Russian spectroscopist, Bjelopolsky, at 
the Pulkowa observatory. The spectrophotographic 
measurements, which were begun in 1900, indicated 
a short period of rotation. Although Bjelopolsky did 
not regard the correctness of the result as assured, 
his authority led to the belief that the spectroscope 
had decided the question in favor of the short period. 

Then Lowell, who had deduced a period of 225 days 
from telescopic observations, sought confirmation for 
this value by the spectroscopic method. A very power- 
ful telespectroscope was constructed by the world- 
renowned firm of Brashear & Co. for the work on 
Venus, which was carried out in 1902, chiefly by 
Slipher. The iron lines were selected for comparison 
and the slit was placed at first parallel, but after- 
ward perpendicular to the assumed direction of the 
equator of Venus. With the slit in the former posi- 
tion and covering an equatorial belt including por- 
tions of both the advancing and receding limbs, the 
effect of rapid rotation would be to displace the ends 
of each spectral line in opposite directions without 
affecting the middle. Thus would be produced an 
inclination of the lines which can be more easily 
measured than mere lateral displacement. Lowell 
tested his apparatus and method by applying them 
to Mars and thus obtained for that planet a period 
of rotation of 25 hours and 35 minutes, which agrees 
fairly well with the known period, 24 hours and 37 
minutes. For Venus, Slipher’s spectrophotographs 
give an equatorial rotational velocity of from 5 to 8 
meters per second, which corresponds to a long period 
of rotation, though ene much shorter than 225 days, 
for which the equatorial velocity would be about 2 
meters per second. 

Neither of the results obtained at Pulkowa and at 
Flagstaff has yet been confirmed elsewhere. The 
spectroscopic methed is teo difficult to be attempted 
except by a particularly well equipped and favorably 
situated observatory. The theory of slow rotation 
receives powerful support from certain cosmogenetic 
arguments advanced by the eminent English astrono- 
mer, G. H. Darwin. The rotational velocity of every 
planet must be gradually diminished by tidal friction 
among its parts. In this way the period of the 
mcon’s rotation has been made equal to the period 
of her rotation about the earth, and the rotational 
periods of Mercury and Venus may have been simi- 
larly lengthened to equality with their periods of 
revolution about the sun, which exerts a far greater 
tidal action upon these inferior planets than upon 
the earth. 

If Venus has already reached this stage, all the 
water on the planet must be accumulated in the 
form of ice on the dark and intensely cold hemi- 
sphere. Hence, as Antoniadi has pointed out, the 
presence of clouds and water vapor on the illumi- 
nated hemisphere casts grave doubt on the correctness 
of Schiaparelli’s theory. The presence of clouds in 
the atmosphere of Venus is denied only by Lowell, who 
saw the peculiar canal-like markings distinctly when- 
ever terrestrial atmospheric conditions permitted. 
No trace of markings, by the way, was seen by Han- 
sky and Stefanik, who observed the planet last sum- 
mer (1907) from the Mont Blane observatory, which 
is more elevated than Flagstaff, under very favorable 
atmospheric conditions, and deduced a period of rota- 
tion slightly less than 24 hours. 

So the problem of the rotation of Venus is still 
unsolved, although a majority of astronomers appear 
to share the view of Schiaparelli and Lowell. The 
hope that it can be solved by observing markings has 
proven illusory, but there is good reason to believe 
that the spectroscope will ultimately furnish the solu- 
tion.*—Prometheus. 


oils is to heat them in a current of air for one hour at 
the temperature corresponding to the steam pressure 
at which they are to work. The loss in weight should 
not exceed 0.5 per cent. 


* It seems only fair to point out that great elevation is not the only 
desideratum for an observatory, that the extensive arid platean of Arizona 
is very unlike the snow-clad, glaciated and storm-swept Alps, and that 
Lowell’s spectroscopic method, which takes cognizance of a few meters 
per second, could not have failed to detect the rotational velocity of 450 
meters per second entailed by the 24-hour period.—[Editor.] 
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STUDIES OF MEAT EXTRACTS AND 
SIMILAR PREPARATIONS. 

A monocGraPH has been issued by the Department of 
Agriculture on “Meat Extracts and Similar Prepara- 
tions,” by W. D. Bigelow, chief of the division of 
foods, and F. C. Cook, physiological chemist. The con- 
clusions are as follows: 

It is commonly assumed that proteids, gelatinoids, 
and the simpler amids have very different nutritive 
values, and, while all authorities would agree in as- 
signing the highest value to the first of these, there 
is probably no small difference of opinion as to the 
order in which the second and third should be rated. 
In considering such a question, there should be sep- 
arately taken into account relative digestibility or 
solubility, capability of undergoing osmotic absorp- 
tion, and oxidizability for the production of energy. 
At present, no definite numerical statement of the 
relative nutritive values of nitrogenous bodies of 
these three classes can be made. It seers much to 
be desired that more extended experiments than have 
so far been recorded should be made upon living ani- 
mals (as far as possible upon human beings) to de- 
termine the utilization of both the gelatinoids and the 
simpler amids. The latter no doubt undergo oxida- 
tion to some extent in the animal body, and produce 
some energy in consequence. It is probably true of 
these simpler amidic substances that much larger 
quantities than analysis exhibits as constituents of the 
food consumed, or than analysis detects among the 
residue of food rejected from the body without having 
undergone complete oxidation, may be constantly 
formed among the earlier products of the metabolism 
of the proteids, and afterward themselves undergo 
further change into the simpler and more stable forms 
of carbon dioxid, water, and urea. 

In the animal body the amido acids are acted upon 
in two ways; that is, they are converted into the 
eorresponding fixed acids or carbonic acid is split off, 
leading to the formation of Brieger’s diamins, or it 
is possible for both of these processes to take place. 
Usually the albumins are converted in the alimentary 
tract by the four proteolytic ferments (pepsin, tryp- 
sin, erepsin, and arginase) into primary crystalline 
dissociation products, namely, the amido acids, which 
are absorbed in this form. Whether a part of the 
albumin taken as food can or can not be absorbed in 
the form of albumoses, peptones, and peptids remains 
to be determined. 

Meat preparations are largely used by the sick and 
the young. Their use is recommended frequently by 
physicians who may not have taken the trouble to 
ascertain the true nutritive value of the product pre- 
scribed. It seems to be the consensus of scientific 
opinion among. scientific investigators who have 
studied this question that the food value of these meat 
extracts is rather limited, and although they are a 
source of energy to the body they must not be looked 
upon as representing in any notable degree the food 
value of the beef or other meat from which they are 
derived. When prepared under the best possible con- 
ditions a commercial meat extract is, of necessity, in 
order that it may not spoil, deprived of the greater 
part of the coagulable proteids, which constitute the 
chief nutritious elements of the juice. It is fair to 
state that many manufacturers make no claim as to 
the food value of their preparations, only a compara- 
tively few making extravagant statements as to the 
nutritive value of these products. 

Preparations of this character are not wholly value- 
less in the sick room, for they possess stimulating 
qualities, and in the kitchen they are useful on ac- 
count of their flavoring properties. They are not, 
however, concentrated foods, having on the contrary 
but comparatively little nutritive value. The meat 
juice prepared from fresh meat, in the home or hos- 
pital, by continued heating at a low temperature, is 
far superior as a food to the commercial meat extracts 
and so-called meat juices. 


Process of Decolorizing Fats.—Chlorine and _per- 
oxide of hydrogen have been used repeatedly for the 
bleaching of fats, without the attainment of satisfac- 
tory results. The recent invention of A. Marcellin 
facilitates the employment of chlorine cheaply and 
with success. In a vessel capable of being heated, up 
to 100 parts of the fat to be decolorized, about 100 
parts of caustic potash solution, of 4 deg. Bé., and 
about 10 parts of soda solution of equal strength are 
placed, the whole stirred and heated. Shortly before 
the fluid begins to boil, according to the depth of 
color of the fat, 3 to 10 parts of chloride of lime, 
mixed in 50 parts of water, are added. Allow it to 
boil until the greater part of the water is evaporated, 
when an emulsified, partly saponified, completely de- 
colorized substance will be obtained, which may be 
employed directly in the manufacture of soap, or by 
decomposition, the soap formed may be reconverted 
into a pure fat substance. The bleaching is effected 
in the ordinary apparatus, stirring by means of a 
stirring apparatus or by centrifugal pumps.—Revue de 
Chimie Industrielle. 
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SCIENCE NOTES. 

In a recent issue of the English Mechanic and 
World of Science, it is stated that at the June 15 
meeting of the Academy of Science, Mr. Devaux Char- 
bonne! gave particulars of a method of photographing 
sounds in the human voice, in such a manner that 
the photographic record could be read. Vowels and 
consonants are combined by means of the Blondel 
oscillograph. This extremely sensitive instrument im- 
presses the sounds upon a photographic plate in the 
form of curves, which can, with a little practice, be 
easily deciphered. 


The greatly enhanced use of ‘luor spar as a flux in 
metallurgical works during the last few years has led 
to great development in the mining of the mineral, 
and it may not be without interest to say a few words 
on the subject, more particularly with regard to Derby- 
shire, where the augmentation in the output is so 
striking. Although fluor spar, which is the fluoride 
of calcium, is found to some extent in other geologi- 
cal horizons, it is nowhere so abundant as in the car- 
boniferous limestone and its associated Yoredale beds, 
and the whole of the present British production comes 
from these strata, where it is found as the gangue 
cf metalliferous veins. It is usually associated with 
eale spar, quartz, or barytes, though this is not uni- 
versally the case. The present importance of the min- 
ing industry will be at once apparent when we com- 
pare the output of only a few years ago with the fig- 
ures for 1906, which are the most recent ones avail- 
able: 


Tons Tons. 
783 18,160 
ne 1,448 1905........ 39,446 
6,287 


Until 1902 the bulk of the output came from Dur- 
ham, from the mines of the Wearcale Lead Company, 
but since that year Derbyshire has gone rapidly ahead, 
and Durham now takes the second place. 


The Didaskalia states that the so-called Welsbach 
mantles for gas-light were hitherto prepared by satu- 
rating the mantles of woolen or ramie fiber with a 
solution of rare earths, which produce the increased 
light. Experiments to substitute silk, hemp, or jute 
proved unsuccessful. Artificial fibers did not become 
saturated or insufficiently so. According to the Moni- 
teur Scientifique an artificial fiber has now been 
found which in all respects is equal to wool or ramie, 
namely, artificial silk, which is produced by dissolv- 
ing cellulose in an ammoniacal copper solution. Only 
the nitrate of thorium does not answer well as a satu- 
rant. While artificial silk becomes impregnated with 
a solution of that salt, the oxide of thorium formed 
through incineration scales off and nothing but a bit 
of powder remains. Therefore instead of nitrate of 
thorium, hydroxide of thorium must be used, which 
after incineration leaves a perfect, solid skeleton of 
hard little crystals. As, however, hydroxide of thor- 
ium is of a gelatinous consistency, the mantle of arti- 
ficial silk cannot be impregnated with it, and there- 
fore it is first saturated with nitrate of thorium, and, 
through the action ot ammonia, hydroxide is formed 
upon the fiber. One of the greatest advantages of this 
new mantle is that it is not hygroscopic and is of 
greater durability. Experiments have demonstrated 
that even two to three thousand shocks do not injure 
it, while the best mantles prepared by the old methods 
did not survive more than 90 to 100 shocks. 


It has been one of the accepted doctrines of physio- 
logy in the past that in the animal body the protein 
of tissue protoplasm is the result of a simple trans- 
formation of the food protein; digestion in the gastro- 
intestinal tract leads to the formation of proteoses 
and peptones, which after absorption are reconverted 
into such proteins as are adapted to the needs of in- 
dividual organs and tissues. Latterly, however, this 
view has been steadily losing ground. The discovery 
of the enzyme erepsine in the intestine of man and 
the higher animals, together with its well-established 
power of quickly breaking down peptones into crystal- 
line fragments, among which the diamino acids stand 
out conspicuously, has raised the question whether 
in the intestine prior to absorption food protein is 
not more or less completely disintegrated with forma- 
tion among other fragments, of arginine, lysine, and 
histidine, out of which in the liver or elsewhere spe- 
cifie proteins are manufactured de novo to meet the 
needs of the individual organism. There are many 
grounds for attaching considerable weight to this view, 
although the question is by no means settled. The 
facts, however, point clearly to the probability that in 
digestion the food protein is more or less broken 
down into amino acids and very simple peptides, and 
if the organism is to derive advantage from these 
nitrogenous fragments for the manufacture of protein 
to make good tissue waste, then synthesis must be the 
rule. Further, it is tasy to see how by such a method 
of procedure the animal body is able to construct by 
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a proper selection of these fragments the specific pro- 
teins needed by different types or species of organ- 
isms; far more easily, indeed, than if the changes 
undergone by the varying food proteins during diges- 
tion are limited to such slight transformations as are 
involved in peptonization, etc. 


ENGINEERING NOTES. 

A process for protecting iron and steel from rust has 
been invented and patented by Mr. T. W. Coslett, of 
Temple-row, Birmingham. This consists in immersing 
the article in a hot phosphorized solution containing an 
iron compound. The surface of the iron is converted 
into a mixture of ferrous and ferric phosphates, and 
presents a pleasing dull-black appearance. This pro- 
cess makes the iron highly resistant to corrosion, and 
is being applied to all kinds of light engineering work, 
such as cycle frames, gun barrels, stampings, and 
press work. 

The most powerful existing turbine is a 12,000 horse- 
power turbine designed and built at the shops of 
Franco Tosi, at Legnano, Italy, for the central elec- 
trical station of the city of Buenos Ayres, Argentine 
Republic. It is a Parsons turbine, with a low-pressure 
compensator of the Fullagar type. Normally this tur- 
bine develops 12,000 horse-power, but is able to furnish 
14,200 horse-power for two consecutive hours. The 
steam enters under a pressure of 12 kilogrammes per 
square centimeter superheated to 300 deg. C. It 
makes 750 revolutions per minute. It is directly 
coupled to a three-phase Brown-Boveri 12,000-volt al- 
ternator. The total weight of the turbine, alternator, 
and exciter is 370 tons. One of the peculiarities of the 
turbine, besides its great dimensions, is the vacuum 
retained in the condenser even after prolonged use of 
the turbine, 

Some new fireboats for Chicago have recently been 
ordered and are designed on the turbo-electric drive 
principle. Although the turbo-electric drive has been 
advocated for large liners, it has been left to smaller 
craft to be the first to adopt the new method of pro- 
pulsion. The idea of the combination is that a high- 
speed—and therefore small, cheap, and economical— 
turbine should be used to drive a high-speed electric 
generator which in its turn would supply current to 
slow-speed motors on the propeller shafts. The advan- 
tages of the arrangement for ocean steamers have yet 
to be established, but for the particular service for 
which the Chicago fireboats are required the arrange- 
ment has, it is claimed, special recommendations. The 
same turbines serve to drive both generators and cen- 
trifugal fire pumps, thus saving special pumping en- 
gines, and it may be said that the boat seldom re- 
quires much power for propulsion while actually en- 
gaged in pumping. The experiment, for such it is, will 
be worth watching, although it has not much bearing 
on the larger problem of the application of the turbo- 
electric drive to ocean steamers. 


An important departure in the design of submarines 
has been made in the new craft of this class for the 
British navy. Hitherto the general lines of the design 
have been somewhat of the form of an elongated cigar 
tapering fore and aft and with a light deck structure 
and conning tower mounted amidships, It has been 
realized, however, for a considerable time past that 
this design possessed many disadvantages, the greatest 
of which was the confined space within, cramping 
the movements of the crew. This was attributable to 
the large amount of space requisite for the accommo. 
dation of the trimming tanks and the oil storage 
tanks. The new type or “D” class as it is officially 
ealled, which has recently been launched from the 
yards of Vickers, Sons & Maxim, comprises three 
structures built side by side and forming one unit. 
Centrally placed is the submarine proper, conforming 
to the general elongated craft with tapered ends, but 
on either side, like outriggers, are placed two smaller 
cylindrical structures about half the length of the cen- 
tral section. These are utilized for the trimming and 
fuel tanks. Moreover, no superstructure is carried, so 
that when traveling awash the top of the hull is flush 
with the level of the water. The vessel is propelled by 
twin serews and carries four torpedo tubes, two for- 
ward and two aft. The propelling machinery com- 
prises heavy oil motors, which experiment has de- 
monstrated to be more efficient and powerful as well 
as safer than the lighter engines using the more vola- 
tile and dangerous gasoline fuel. The propelling ma- 
chinery is also more powerful than has yet been placed 
in a British submarine, while similarly the vessel ex- 
ceeds all others so far constructed in dimensions. The 
greatest secrecy has been observed in its construction, 
and no details concerning the craft have been per- 
mitted to be published. The design has been evolved 
conjointly by Viekers, Sons & Maxim, who hold the 
Holland patents, and the Admiralty, and is the out- 
come of a prolonged series of experiments and inves- 
tigations that have been conducted by the combined 
authorities. Though the “D1” constitutes praetically 
an experiment, it is stated that the broad lines of the 
design will be adopted in future submergible craft fer 
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the navy. Already the existing craft are gi adugih 
being modified and improved as occasion arises, 
cially in regard to the propelling equipment. 


TRADE NOTES AND FORMULZ, 
Finish for Canvas, Buckskin Shoes, Soldiers’ gag 
Ladies’ Belts.—Boil 1.36 parts of bleached shellac gpg 
0.68 part of pulverized borax in 13.61 parts of wag, 
until complete solution is obtained, stir in 0.085 part 
of soft soap, 4.540 parts of pipe clay, and 0.056 part o 
ultramarine, mix well, and strain through a fine sigyg 


Cement for Attaching Enamel Shields to Marisa 
Slabs.—For attaching enamel shields to marble sighy 
the following cements are suited: I. 2 parts of finely 
crushed quartz and 1 part of finely ground heavy gpgp 
or 3 parts of finely ground glass and 2 parts o/ fingly 
crushed fluor spar, are mixed with silicate of god 
to a thick paste and used at once. If in place of 
soda water-glass, potash water-glass is used, ‘he @ 
ment will harden much more rapidly. II. The folleg. 
ing solutions are prepared warm, best of all im te 
water bath: (a) 2 parts of steeped isinglass, 8 party 
of 96 per cent alcohol; (b) 2 parts of mastic, 1 pam 
chloride of ammonia, 12 parts of 96 per cent alcohgl 
Both solutions are thoroughly mixed whilc warm 
When used, the cement and the article to be cenented 
must be heated; the cement is applied in a thin layer, 
III. A well-known solution of gutta percha in chlor 
form, known ‘as traumaticine, mixed with concep 
trated. water-glass solution, is used for ceme:ting— 
Keramische Rundschau, 

To Impart an Old Appearance to Gold and Silver 
Articles—The most important point, in givir< gold 
and silver articles an old, worn appearance, is to @& 
pose them to abrasion. They may be shaken up with 
some nails in a suitable container, the gold goods 
placed in dilute sulphide of ammonia, the brow: spots 
that occur polished with spirit of sal ammoniac and 
powdered pumice and the high places rubbed bright 
with Turkey leather. Finally, dilute printers’ ink 
with oil of turpentine and apply the mixture witha 
brush, so that it settles in the hollow. The whiok 
must now be cleansed again, so that not all the Diaek 
substance and spots will be removed. When silver 
articles that are gilded are to look like fire-gilded 
jects they must be carefully scratch-brushed befor 
the electrogilding, then touch them with the fingers, 
previously smeared with wax dissolved in turpentine 


sensitive to the gilding. They are then heavily élite 
troplated; the articles are then placed for a few 
minutes in nitric acid diluted with water, whereby the 
high, poorly gilded spots are attacked and the silver 
showing underneath is etched a dark color, then treat 
these articles as previously described in the case of 
gold.—Werkstatt. 

Fireproof paint for the protection of wood, that # 
exceedingly cheap, is made as follows: 25 parts of 
ground heavy spar, 1 part of dry zine white, 2!) parts 
of water, and 25 parts of water glass. The ground 
heavy spar is thoroughly incorporated with the zine 
white, and this mixture is mixed with the water 
form a paste, to which the water glass is finally 
added. As the latter is very pale, the water and glass 
paint thus prepared appears almost white. With this 
whitish paint, which during use must be frequently 
stirred, so that the heavy pigments do not settle to the 
bottom, the wood is painted, with a brush, to sature 
tion, and this first coat, which will be dry after the 
lapse of 15 minutes, must be about twice repeated 
Only as much color must, however, be mixed, as will 
suffice for one, or at most three days’ painting. Whe, 
in place of the zinc white red, yellow, blue, gree, 
black, ete., are desired mineral colors are used, in the 
proportion of 100 parts of heavy spar, 60 parts of 4 
color and 40 parts of water and mixed with so mud 
water that the color flows freely from the brush; thet 
paints will be just as good as that above described, 
provided that they are used as the first and only coat 
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